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RE:  Proposed Ambient Air Monitoring Plan
Basin NextGen Project Ambient Monitoring Plan

Dear Mr. Schuitz,

Thank you for your timely review of the Basin NextGen Project Ambient Monitoring Plan. On behalf of
our client, Basin Electric, Inc. ENSR is submitting revisions in response to your requests and
comments. Based on your letter dated January 26, 2007 we are enclosing revised monitoring plans in
response to your numbered comments as follows (responses are provided in italics after each
comment):

1. EPA has revised the monitoring regulations in 40 CFR Part 58 amended in October of 2006.
The Plan must be updated to include any difference in quality assurance and reporting
procedures created when EPA revised 40 CFR Part 58. One change made by EPA was the
merging of Part 58, Appendix B into Appendix A. All references to Part 58 Appendix B must be
changed to Appendix A.

The plan has been updated to be consistent with 40 CFR 58 Appendix A.

2. The plan does not include the sampling for PM2.5 which could be an issue later. Sampling for
PM2.5 at this time would eliminate one potential item that someone could use to challenge a
future permit application. Also EPA could require the testing for PM2.5 by the time a permit
application is submitted and no data would be available. Setting up a second sampling site at
a later date to collect this data would be more costiy later and could set back the permitting
process for a year. DENR requests that Basin Electric consider collecting PM2.5 data as part
of this monitoring project.

Basin Electric is proposing a separate PM2.5 monitoring program that involves a continuous
monitor in accord with California Air Resources Board monitoring protocols. We are not
proposing to monitor PM2.5 with the reference method due to the extreme sensitivity of sample
handling and retrieval.

3. Section 1.0 Introduction

* The introduction refers to the project location as near Pierre. | would suggest changing this to
“Central South Dakota” in the entire document.
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The location of the site is now given as central South Dakota and it's relation to Pierre has
been clarified

4, Section 2.0 Source Environment Description

* The map in Figure 2-1 does not show the current location of the air monitoring site for the
project. Please replace this map with the correct location and include a topography map of the
area surrounding the site.

Figure 2-1 has been replaced with a correct map. A topography map has been added to
section 3,

» Land Use Section 2.3 needs to include a description of the land use in area around the
monitoring site within 2 kilometers. In general there is no irrigated cropland in this part of
Potter County. The only irrigated cropland is in the western edge of the county along Missouri
River/ Lake Qahe.

The land use description has been changed to being in the CRP program.

¢ Fourth paragraph in 2.2 Climate section: Seasonal wind directions in South Dakota are
generally out of the northwest in the winter and southeast in the summer. See the attached
wind rose showing the data from the Huron Airport weather station.

The seasonal wind directions have been updated.

» Section 2.5 Existing Sources: Aberdeen, is about 70 miles away and is the closest location
that would have permitted air quality sources emitting gaseous pollutants. Closest permitted
source for PM10 is in Gettysburg. The largest source of PM10 concentrations would be
fugitive dust from farming activities in this area. Distance and direction to the nearest acreage
under active tillage should be included in this section.

The existing sources section has been updated with the above information. We will document
the distance to nearby tillage as the project is underway.

5. Section 3.0 Monitoring Program Description
¢ Should Section 3.0 be titled Monitoring Site Description?
The title for section 4 has been updated.
» Section 3.1 should include a proposed date of the beginning and end of the sampling project.
This information has been added.

¢ We believe more details should be included in section 3.2 to discuss the reasons the selected
monitoring site is representative of all the proposed sites for the power plant.

Additional information has been added.
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» Page 3-3, 1* full paragraph states the sampling schedule for PM10 will be every sixth day.
This meets the minimum sampling schedule but we would suggest increasing this to every 3™
day to increase the number of sampling days used to compare the levels to the PM10
standard. The co-located monitor will also be running on an every 6™ day schedule so there
could be as many precision checks as sampling data. ‘

The monitoring plan is consistent with the requirements for PSD monitoring. As this is a green
field area PM10 levels are anticipated to be very low and so additional data should not be
necessary for making comparisons to NAAQS.

¢ Page 3-3: The sections last sentence in the paragraphs indicates three monitoring sites in the
network. Itis our understanding that only one site is planned.

This error has been corrected.

¢ Table 3-1 has UTM coordinates for the sampling site. It appears this location is #9 of the
proposed sites. Is the monitoring site at site #9 or #8? The map in Figure 3-2 shows proposed
site #9.

The UTM coordinates are correct and consistent with the maps in figures 2-1 and 3-2.

e Table 3-1 should include your AQS number for the site. We have assigned the following
number for your site: 46-107-0101

The AQS number has been added.

* Added a reference in this section for adding a final Appendix to the plan showing the actual
measurements demonstrating the station meets the network design criteria found in 40 CFR
Part 58 Appendix D including general pictures of the sampling station, 8 main wind directs from
the shelter, and pictures of the equipment setup inside of the shelter.

As requested, an addendum will be submitted to SD DENR with photos of the sampling station
as built including the views in the 8 cardinal directions, the sampling station and equipment.
However, it is our understanding that Appendix D of 40 CFR 58 does not strictly apply to PSD
monitoring and therefore there is no need to demonstrate compliance with its contents. The
addendum will also identify the distance to the nearest tillage.

6. Section 4.0 Monitoring Program Description

* Please indicate in each section the EPA reference or equivalent method number for each
monitor type.

Reference Methods have been added to Table 4-1.

Table 4-1 indicates the use of a Wedding model monitor. From the previous information and in
4.1.4 it appears the project will use a GMW high volume monitor with a critical flow device. The
department does not approve the use of a Wedding style monitor for PM10 sampling.

The project is using a Tisch TE-6070V Volumetric Flow Controlied PM10 monitor

ENSR | AECOM



Mr. Brad Schultz
March 6, 2007
Page 4

* This section should include a paragraph on how the shelter internal temperature will be
measured and how records will be kept to show compliance with the operational temperature
range.

This has been added to section 4.5.

7. 5.0 Station Operational Procedures

* Itis my understanding the meteorological parameters wiil be collected using a 100 meter tower.
Both sections 5.2.1 and 5.2.2 indicate the tower will be 60 meters high.

These errors have been corrected.

» This section should indicate the range and estimated sampling height for each of the criteria
monitoring parameters.

These values are included in table 4-1.

¢ This section should include a section PM10 filter weighing listing who will be performing the
filter weighing for the PM10 and how operation and quality assurance standards will be meet.

This has been added in a new section 4.4.

» Table 5-4 lists the Accuracy Goals for the air monitoring project. Two of these goals are
different then required by our EPA oversight contact at EPA Region VIII.

Table 5-4 is now table 6-1
1 Continuous Gas Analyzers Zero/Span checks +/- 15% of span drift and zero check of +/-
0.015 ppm or 3% of full scale. These should be control limits (when operation of the analyzer
needs to be reviewed to determine if data is valid). Most if not all of your collect hourly sample
concentrations for sulfur and nitrogen dioxides are going to less than 0.015 ppm. An error rate
of 15% and a zero error level of 0.015 would negate any concentrations you may collect.
Because of the clean air conditions expected in this region you would suggest a limit of +/- 10%
span drift and +/- 1% of full scale for zero.

Accuracy goals are associated with audit tolerances not zero/span checks. Furthermore the
accuracy goals of PSD monitoring are determined by the objectives of the program—
determining compliance with NAAQS standards—not ambient conditions. Our accuracy goals
are to our knowledge consistent with all regulations pertaining to PSD monitoring.

2" particulate Samplers Page 5-8, flow rate standard of +/- 7%. EPA requires that we have
an accuracy level for flow rate verifications and audits on PM10 monitors to be no more than
+/- 4%. In our use of VFC units in PM10 monitors this goal can be met without a problem.
Please make this change to the table.
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The audit tolerance for the flow rate of the sampler and therefore the accuracy objective is
actually +/-10% (Quality Assurance Handbook, Vol. I, part If page 90). The +/-4% acceptance
limit relates to calibrations.

Shelter Temperature — Please add the control range of 20 to 30 degrees C for the shelter
internal temperature to this table.

While an important quality control requirement of the program that is tested for in the validation
routines, maintaining the shelter temperature in the specified control range is not an accuracy
objective and therefore we feel that it does not belong in this table. See comment in Section
4.5,

6.0 Quality Assurance Plan

This part of the plan will have to indicate the statistical assessments as listed in 40 CER Part
58 Appendix A 4.0 as amended October 17, 2006 in the frequency required of Section 5.2 of
the same appendix.

This information is included in the revised sections 7.35 and 7.4

Section 6.1 again shows 15% on precision and accuracy for the gaseous analyzer. The
regulations indicate equal to or less than 7% (percent difference) for SO2, NO2, and O3
precision checks.

The 7% accuracy and precision objective in 40 CFR 58 only applies to O3. We are unaware of
any other regulations that specify accuracy and precision objectives of 7% for SO2 or NO2. If
SD DNER can provide us with the reference that indicates 7% accuracy and precision
objectives for SO2 and NOZ, than we will update our monitoring plan accordingly.

Section 6.1 does not show what the precision and accuracy acceptance criteria for PM10.
Please add the following acceptance criteria: Precision for PM10 is 5 micrograms per cubic
meter (ug/m3) on samples with concentrations less than 80 ug/m3 and 7% percent difference
on samples greater than 80 ug/m3. Source: 40CFR Part 50, Appendix J 4.0 (2005).

This addition has been made.

Table 6-1 has been changed in the revised CFR Part 58 Appendix A. Please update this table
with the audit ranges. See previous discussion on acceptance criteria.

Table 6-1 (now table 6-2) has been updated to be consistent with our understanding of CFR
Part 58 Appendix A based upon our recent interpretations of the rule with Steve Hoelscher of
the Nevada Division of Environmental Protection.

Section 6.5.1 Flow calibration of a volumetric flow control device may need only a cne point
check using a certified flow orifice against the lookup table flow.

This section pertains to calibrating the flow rate on the sampler, not auditing the flow rate. A
multi-point calibration is always superior to a single point calibration.
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» Section 6.5.1 should detail the PM10 Flow Verification check, acceptance criteria, and
frequency required by Appendix A in 40 CRF Part 58.

Section 6.5.2 has been updated to clarify our PM10 audit procedures. We plan on performing
a full flow rate audit on a quarterly basis. We will be submitting the results of the quarterly
audits to meet both the flow rate verification and semi-annual audit requirements of Appendix
A. As a full audit is a more conservative test of the instrument performance this should be an
acceptable way to show compliance with the accuracy standards.

» Table 6-2 the PM10 flow audit acceptance criteria at +/-10%. | believe these checks should
also be at +/- 4%.

See above note, +/-10% is correct.

* Appendix A of 40 CFR Part 58 requires that PSD monitoring plans provide for the participation
in EPA’s National Performance Audit Program as detailed in Section 2.4. The quality
assurance item needs to be added to your plan.

We are happy to participate in the NPAP program if SD DNER can provide equipment in a
timely and efficient manner. However, Appendix A of 40 CFR Part 58 requires that “the
monitoring plan provide for the implementation of independent and adequate audits of all
monitors” not participation in NPAP. Participation in the EPA NPAP and PEP programs is one
way lo meet this requirement. Qur monitoring plan provides for independent audits of the
monitoring site which in all previous cases, including plans approved in 2007, been deemed
adequate.

* DENR would like to conduct and audit of the monitoring site shortly after startup and sometime
in the middle of final sampling quarter of the project. Please add these DENR audits to the
monitoring plan.

The audit will include but not limited to gas analyzer checks, flow checks, meteorological
parameter checks, and review of onsite records. During the first DENR audit trip we would
want to review the certification records for the calibration and audit devices being used on-site.

DENR is welcome to provide additional audit equipment to be used by our contracted
independent auditor and to be present during our regularly scheduled audits. As these audits
will not be used in our data validation and assessment efforts we would not inciude them in the
monitoring plan.

9. 7.0 Data Validation, Data Processing, and Reporting

» Section 7.2.1 does not list all the filter conditioning criteria. Please add it in this section or in
one of the previous sections.

This information is included in the referenced SOP.
» Section 7.3.5 Data Capture, Precision, and Accuracy — The ENSR SOP 2990-001 will need to

be updated following the requirements in Appendix A of 40 CFR Part 58 as amended on
October 17, 2006.
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ENSR SOP 2990-001 has been updated to be consistent with the new appendix A of 40 CRF
Part 58

* Section 7.4 Data Reporting - DENR would like an electronic file copy of the raw data including
voided data codes for each quarter or at the end of the project in Excel format for 502, NO2,
Ozone, and PM10. For the continuous monitors the file should include date, hour, and
concentration. For the PM10 monitors it should include date and 24-hour concentration for
each sampling day including co-located data. The file should also include raw data results
from flow verification, precision, and accuracy checks to include date, check readings for the
audit device and monitor. The electronic data files will be kept by DENR in house and will not
be made available to the public until after Basin has submitted its application for a new power
plant. After that time DENR will load the data results to the EPA national database.

This following bullet has been added under section 7.4: Digital copy of validated data and QC
data contained in the quarterly report;

10. In general changes will need to be made to the standard operating procedures listed in the
Basin the Appendix of the NextGen Ambient Monitoring Plan so the requirements are
consistent with the amended 40 CRF Part 58.

The SOPs and the monitoring plan have been updated to be consistent with the new appendix
A of 40 CFR Part 58

Enclosed are two updated copies of the Ambient Air Monitoring Plan for this project. Please review and
provide any comments as soon as you can. Your expedited review is greatly appreciated. You may
call Bruce Macdonald or Vince Scheetz at 970-493-8878. We look forward to hearing from you
regarding this submittal.

Regards,

e Mma{ _y/;,ﬂw/(//%/

Bruce C. Macdonald, Ph.D. Vincent R. Scheetz, CCM
Senior Program Manager Air Resources Department Manager

Ref: 02450-017-513
Enclosures

ce: Chris Miller, P.E., Basin Electric Power Cooperative
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ENSR

1.0 Introduction

Basin Electric, inc. (Basin) is the owner and operator of the proposed Basin NextGen Project located in

- central South Dakota. In support of the planned construction and installation of power plant sources,

including coal-fired boilers, Basin has retained ENSR Corporation (ENSR) to install and operate an ambient
air quality and meteorological monitoring station near the proposed project location. The primary objectives
of this monitoring study are;

¢ To fulfill pre-construction air monitoring potentially required under Prevention of Significant
Deterioration (PSD) permitting rules at the site of the proposed source;

* To obtain baseline ambient air quality concentrations; and

* To provide a comprehensive on-site database for use in dispersion modeling using AERMOD and
CALPUFF.

To meet these objectives, Basin and its air monitoring consultant, ENSR, would install an instrumented
meteorological tower and a fully equipped air quality monitoring shelter at the monitoring site. The
monitoring station is to be located in the vicinity of the proposed facility. The air quality and meteorological
station would be located near existing electrical distribution lines alternating current (AC) power for shelter,
air quality instrumentation and meteorological tower. The air quaiity and meteorological monitoring systems
are described in more detail in Chapter 3.0.

Ali monitoring will be performed in accordance with South Dakota and U.S. Environmental Protection
Agency (USEPA) ambient monitoring guidance. This monitoring plan has been developed following
guidance provided by the USEPA publication Ambient Monitoring Guidelines for Prevention of Significant
Deterioration (USEPA 1987). Additional guidance aiso was obtained from the following:

* Code of Federal Regulations (CFR) Title 40, Chapter |, Subchapter C, Part 58, Ambient Air Quality
Surveillance;

* Meteorological Monitoring Guidance for Regulatory Modeling Applications (USEPA 2000),

¢ Quality Assurance (QA) Handbook for Air Pollution Measurements, Volume I, A Field Guide to
Environmental Quality Assurance (USEPA 1994a);

¢ Quality Assurance Handbook for Air Pollution Measurements, Volume II, Part 1 (USEPA 1998);

¢ Quality Assurance Handbook for Air Pollution Measurements, Volume Il, Ambient Air Specific
Methods (Interim Edition) (USEPA 1994b); and

* Quality Assurance Handbook for Air Pollution Measurements, Volume IV, Meteorological
Measurements (USEPA 1995).

Chapter 2.0 of this monitoring plan describes the source environment east of Pierre, South Dakota, in terms
of the topography, land use, and climate. A description of the monitoring site and justification for the
selection is documented in Chapter 3.0. Chapter 4.0 summarizes the sampling program with details on the
parameters to be measured, instrument manufacturer and model number, probe height, sampling
frequency, and instrument response range. Routine operational procedures for the Basin ambient air quality
and meteorological monitoring program are discussed in Chapter 5.0. This chapter also emphasizes the
quality control features of the network operational procedures, including detailed summaries of the
calibration procedures to be employed in this program. Chapter 6.0 focuses on QA aspects of the program
and serves as the formal QA plan for the Basin monitoring program. This chapter also discusses the
procedures and policies included in the program to ensure that USEPA and the South Dakota Department
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of Environment and Natural Resources {SDDENR) QA guidelines are met, including enforcement of quality
control procedures, use of certified standards traceable to the National Institute of Standards and
Technology (NIST), and independent audits of program performance. Chapter 7.0 describes the data
management aspects of the monitoring program including data validation, data processing, and data
reporting.

Supplementary technical data are presented in the appendices. The appendices include standard ENSR
project forms (Appendix A); and ENSR's Corporate Statement of Quality Assurance Policy (Appendix B).
Relevant ENSR Standard Operating Procedures (SOPs) for equipment and methods to be used in this
program are in Appendix C; and manufacturer's specifications for the air quality analyzers and
meteorological monitoring instrumentation and sensors are included in Appendix D.

In cases of conflict between a SOP and the body of the Plan exclusive of the appendices, the body of the
Plan will be operative and the SOP will be subject to the body of the Plan.
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2.0 Source environment description

2.1 Topography
The proposed Basin Next Generation Power Project will be located in central South Dakota.

Rolling piains are the main feature of South Dakota, varying from nearly level land to hilly ridges, and
increasing in elevation from the eastern border to the western edge of the state. The state is bisected by the
Missouri River which flows in a southerly direction to Pierre and then turns to the south-southeast. East of
the Missouri River the land is primarily flat with numerous small ponds and lakes.

The location of the site is technically in a region recognized as sub-humid, but is very near the Missouri
River, which is the arbitrary border of the adjacent climate region classified as semi-arid. The Basin
monitoring station would be located in Potter County in central South Dakota approximately 50 miles
northeast of Pierre. Figure 2-1 is a regional map showing the location of the monitoring site.

2.2 Climate

The climate of the plains is comparatively uniform from place to place, with characteristic features of low
relative humidity, abundant sunshine, light rainfall, moderate to high wind movement, and a large daily
range in temperature. Summer daily maximum temperatures are often 95 degrees Fahrenheit (°F) or above,
and 100°F temperatures have been observed at all plain stations. The highest temperatures in South \
Dakota occur in the central plains, and sometimes exceed 115°F. The usual winter extremes in the plains
are from zero to 10°F or 15°F below zero.

Warm, moist air from the south moves into South Dakota most frequently in the spring. As this air is carried
northward and westward to higher elevations, the heaviest and most general rainfalls of the year occur over
the eastern portions of the State. Frequent showers and thunderstorms continue well into the summer. At
times during the summer, winds shift into the southwest and bring hot, dry air over the State from the hottest
weather of the year over the eastern plains, but such hot spells are usually of short duration.

An.important feature of the precipitation in the plains is the large proportion of the annual total that falls
during the growing season — 70 to 80 percent during the period from April through September. Summer
precipitation in the plains is largely from thunderstorm activity and is sometimes extremely heavy. Strong
winds occur frequently in winter and spring. These winds tend to dry out soils, which are not well supplied
with moisture because of the low annual precipitation. During periods of drought, high winds give rise to the
dust storms which are especially characteristic of the southeastern plains. :

At this latitude, the prevailing winds are from the west. However, the high plains are characterized by a
seasonal wind pattern that is essentially from the northwest in the winter and from the southeast in the
summer. The monitoring program is designed to measure the local air flows in the vicinity of the proposed
power project.

Thunderstorms are quite prevalent in the eastern plains during the spring and summer. These sometimes
become severe, with possibility of hail damage to crops. Tornadoes are relatively infrequent over the
eastern plains, where fatality rates and property loss rates are lower than in states farther east. Other severe
storms include winter blizzards that occasionally occur on the northern plains.

Annual precipitation at Pierre is about 19 inches per year. Precipitation occurs during all months of the year,
and snow is common during the autumn, winter, and spring seasons. Each of the months May through July
receives more than 2 inch of precipitation, on average. June is the wettest month, receiving more than

3.5 inches on average. '

02450-017-513 2.1 ‘ March, 2007




ENSR ’ AECOM

ol ey

\;mﬁqv;smff i M Tl e &'f
i

¥ ! ' e - Qn“ff")rin\c.j Site”

T h ! )
_— | . v \
> 2006 MapQuest, Inc.; ® 2006 Tele Afias § i
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The average daily maximum and minimum temperatures in January are 26.8°F and 6.1°F, respectively, for
arange of 20°F. In July, the average maximum and minimum are 89.2°F and 61.7°F. Table 2-1 shows the
period of record (1948 to 2005) average monthly and annual maximum and minimum temperatures as well
as average precipitation, snowfall, and snow depth.

Table 2-1 Monthly climate summary for Pierre, South Dakota: 1948 to 2005

Jan | Feb | Mar | Apr | May | Jun | Jul | Au Sep | Oct | Nov | Dec | Annual

Average Maximum

o 26.8| 33.3| 43.1| 59.3| 70.7| 80.8| 89.2| 88.0| 770 63.0] 445 318 59.0
Temperature (°F)

Average Minimum

o 61 121[ 215; 343| 456 556| 61.7| 59.9| 489! 370 233 120 34.8
Temperature (°F)

Average Total

Precipitation 047] 060] 1.04 1.88| 295| 3.56| 244| 1.88| 154| 130 059| 050 18.75
(inches)

Average Total

Snowfall (inches) 5.1 63| 66| 30( 02| 00| o0o0| 00| 00| o8 40| 56 31.6

Average Snow.
Depth (inches)

2 2 2 0 0 0 0 0 0 0 1 2 1

Source: High Plains Regional Climate Center 2006.

2.3 Land use

Land use in the vicinity of the proposed Basin power project is primarily grassland maintained as part of the
Conservation Reserve Program.

2.4 Air quality

The proposed Basin Next Generation site area in Potter County is designated as attainment or

unclassifiable for all criteria pollutants; that is, existing background concentrations for all criteria air pollutants
are less than the maximum allowable ambient concentrations under South Dakota and federal regulations.
Areas where insufficient data are available to make an attainment status designation are listed as
unclassifiable and are treated as being in attainment for regulatory purposes.

2.5 Existing sources

The proposed Basin ambient air monitoring site is a relatively pristine area with no significant stationary
sources of any criteria pollutants. Agriculture does contribute to particulate emissions but gaseous pollutants
are mostly insignificant. The nearest larger sources of gaseous and particulate pollutants are located in
Pierre about 50 miles to the southwest. Fugitive dust may also occur from traffic on the local dirt roads and
occasional windstorms in the area. The nearest permitted air quality sources of gaseous pollutants are
about 70 mites away in Aberdeen. The closest permitted source for PMy, is in Gettysburg.
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3.0 Monitoring description

3.1 Program objectives

The proposed Basin monitoring program is designed to fulfill specific regulatory requirements that relate to
the USEPA PSD program. Pre-construction monitoring requirements that relate to the PSD program will be
satisfied through the implementation of this air monitoring program. The USEPA's Ambient Monitoring
Guidelines for PSD require that one full year of data used for new permits or for modifications to existing
permits be collected within the past 3 years.

The objectives of the recommended ambient air monitoring program are to:
e Fulfil pre-construction meteorological monitoring potentially required under PSD permitting rules at
the site of the proposed source;
* Toobtain baseline ambient air quality concentrations; and
* Provide a comprehensive on-site meteorological database for use in dispersion modeling, including
AERMOD and CALPUFF.

To meet these objectives an air quality station and a tall meteorological tower would be established to
collect meteorological and air quality data at the proposed Basin location in the vicinity of Pierre, South
Dakota. A diagram of the site shows the relative locations of the air quality shelter and meteorological tower
(Figure 3-1). The site is proposed to be located in the vicinity of the proposed Basin Next Generation Power
Project site. The site would include a 100-meter (m) meteorological tower with wind instruments at 3 levels.
The site will be operated from April 1 of 2007 through the March 31% of 2008 with the exact collection
period determined by when weather conditions permit construction.

The Basin meteorological tower is proposed to monitor the following parameters:
*  100-m horizontal wind speed, wind direction, and wind direction standard deviation
{sigma-theta);
* 100-m vertical wind speed and vertical wind speed standard deviation (sigma-w);

¢ 50-m horizontal wind speed, wind direction, and wind direction standard deviation
(sigma-theta);

*  50-m vertical wind speed and vertical wind speed standard deviation (sigma-w);
* 10-m horizontal wind speed, wind direction, and sigma-theta;

¢ 10-m vertical wind speed and sigma-w;

¢ Ambient temperature at 2 m, 10 m, 50 m and 100 m;

s Temperature difference between the 100 m and 50 m, 50 m and 10 m, and 10 m and
2 m levels;

e  Solar radiation;
* Relative humidity (RH);
* Precipitation; and

¢ Barometric pressure.
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Figure 3-1  Site Layout for the Basin Ambient Monitoring Program (Schematic not to Scale)
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Air quality parameters to be measured include the following:

» Oxides of nitrogen (NOx, nitregen dioxide [NO,], and nitric oxide [NOQ));
¢ Suifur dioxide (SO,);
¢ Ozone (Os); and

* Particulate matter (PM) with an aerodynamic diameter of 10 microns or less (PMy).

All air quality parameters, except PM,, will be collected as hourly averages using continuous gas analyzers.
PMy, concentrations will be collected as integrated 24-hour samples once every 6 days with high volume
samplers followin% the federal sampling schedule. The site will include collocated PM,, sampler operating on
the same every-6"-day schedule as the primary sampler to asses the precision of the sampling methods.
The collocated particulate samplers at the site will provide an assessment of the PM;, precision for the
Basin monitoring network.

3.2 Site selection

The basic objective of on-site PSD pre-construction manitoring program is to provide a database of quality
assured data for use in dispersion modeling. The site was chosen to be representative of the proposed
power plant location at a site that would provide site security and access. The site will provide baseline air
quality data and representative meteorological data to use in dispersion modeling to characterize the
dispersion of pollutant emissions from the stack and other potential facility sources. Because there are no
topographical features in the region that are likely to significantly impact the meteorological conditions the
meteorological data will be representative of alt of the proposed sites for the power plant. Additionally, since
the monitoring location is not near any industrial sites or urban areas, a commeon characteristic of all the
proposed power plant locations, the air quality data will also be representative for any of the proposed
locations.

3.3 Description of monitoring location

Figure 3-2 presents an area topographic map showing the proposed the ambient monitoring location.

Table 3-1 provides the Iatitude, longitude, and Universal Transverse Mercator (UTM) coordinates of the
Site, as well as the Site elevation. Views toward each cardinal direction from the Site are presented in
Figures 3-3 through 3-6. The Site is proposed to be located in the foreground of each photograph. The
station shelter would be located on a level grave! pad and fenced to prevent unauthorized access and
protect the site from wildlife and cattle. An addendum will be submitted to SDDENR with photos of the
sampling station as built including the views in the 8 cardinal directions, the sampling station and equipment,
which are likely to be very similar to the depictions in the existing photographs.

Table 3-1 Locations of Basin ambient monitoring station (need update)

Data Basin Monitoring Site
Latitude 45° 02’ 37.28"
Longitude 99° 50' 11.88"
UTM North (m; NAD83) ‘ 4,988,123
UTM East (m; NAD83) . 434,103
UTM Zone 14
Elevation (feet-mean sea level [msl]} 2,037
AQS Site Number 46-107-0101

As can be seen from the pictures in the four cardinal directions, the additional pictures will show little
variability.

02450-017-513 3.3 March, 2007




ENSR ’ AECOM

fopozone e
Copyrgh 1866-2013 Maps 3 a carte ec *Lﬂ; - 7

L - ;;f'ﬂ

O i \ i
| ) N
-‘_‘ ,} LJ/ ~
N ( i
1 a
{ "? \ { \\ [\ ’f!
N\ \, 1§ ra -y ; (‘r —
(/] - A6 2N &
h \r( (
M
0 0.6 1.2 1.8 2.4 3 kn g
0 0.4 0.8 1.2 1.6 2 mi
UTM 14 434103E 4988123N (NAD83/WGS84)
USGS Lebanon (SD) Quadrangle M=7.022
Projection is UTM Zone 14 NAD83 Datum G=-0.592

Figure 3-2 Topographic map of site location

02450-017-513 March, 2007



ENSR

AECOM

Figure 3-3 Proposed Basin monitoring site looking north

Figure 3-4  Proposed Basin monitoring site looking east
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Figure 3-5

Proposed Basin monitoring site looking south

Figure 3-6
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4.0 Monitoring equipment description

This section summarizes the air quality and meteorological instrumentation used for the proposed BASIN
monitoring program. This instrumentation has been selected to be compatible with, and provide data which
satisfy the USEPA's Ambient Air Quality Surveillance (40 CFR 58). Additional guidance is provided by the
USEPA's Ambient Monitoring Guidelines for PSD (USEPA 1987). The air quality instruments that are to be
used satisfy either Reference or Equivalent methods as described in 40 CFR 53.

Table 4-1 provides a list of each parameter, sample frequency, and sampling method used in the proposed
BASIN monitoring program. Except for high volume PM3, samples, all data will be collected as continuous
hourly averages. High volume PM;o samples will be collected once every 6 days according to the USEPA
established schedule, and reported as integrated 24-hour averages. Manufacturer's specifications for the
proposed instrumentation are located in Appendix D.

4.1 Air quality instrumentation

4.1.1 Nitrogen oxides analyzer

Ambient levels of NOy will be monitored continuously using Thermo Electron Corporation {Thermo) Model!
42C NOx analyzer. This instrument has been selected for use in the proposed BAS!N study because itis
ultra-sensitive, interference free, and provides long-term zero and span stability for continuous monitoring of
NO, NO,, and NOx with a high degree of reliability.

The Thermo 42C detects NO in ambient air by reacting NO with O;. The resulting chemiluminescent
reaction is monitored through an optical filter by a photo-muiltiplier tube (PMT) which is located at the end of
the reaction chamber. The optical filter limits the wavelength of light measured by the PMT, so that it
corresponds to the wavelength of the chemiluminescent reaction between NO and Os.

Total oxides of nitrogen will be measured by passing the sample gas through a catalytic converter which
converts NO, quantitatively into NO which is subsequently measured by the detector. The
microprocessor-controlled analyzer directs sample flow either through the catalytic converter (measuring
NOy) or by passing the sample directly into the detector (measuring NO). Signals from the PMT are
conditioned and fed to the microprocessor where a sophisticated mathematical algorithm is utilized to
calculate three independent outputs: NO, NO,, and NOx. '

4.1.2 Ozone analyzer

Ambient O; concentrations will be measured using a Thermo 49C O, analyzer. The Thermo 49C uses an
ultraviolet (UV) photometric ozone analyzer design. it incorporates & unique two-sample absorption cell and
detector design for increased sensitivity and accuracy. ‘

In principal, the UV photometer determines ozone concentrations by measuring the attenuation of UV light
due to ozone in the absorption cell. The concentration of ozone is directly related to the magnitude of the
attenuation. In the Thermo 49C, an internally generated reference sample passes into the absorption ceft to
establish a "zero" light intensity reading. A solenoid valve then switches, and an ambient sample is taken,
thereby establishing a "sample" light intensity reading. The ratio of these two readings is a measure of the
light absorbed by ozone and is directly related to the concentration of ozone in the sample.
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Table 4-1 BASIN ambient monitoring program equipment and measurement methods
Sample EPA Method
Parameter Manufacturer/Model Frequency Range Method Number
NOyx, NOz, NO (~4m) Thermo Electron Corporation (Thermo) Model 42C |  Continuous 0.001 to 6.500 ppm Chemiluminescent single chamber RFNA-1289-074
Oz {~4m} Thermmo Model 49C Continuous 0.002 to 0.500 ppm Ultraviolet absorption EQOA-0880-047
SQ; (~4m) Themo Model 43C Continuous 0.001 to 0.500 ppm Pulsed fluorescent EQSA-0486-060
PM;o (~4m) Tisch TE-6070V Volumetric Flow Controlled PMy, | Every 6 days 2 to 750 pg/m® 10 pm size select inlet, high volume RFPS-0202-141
monitor filter sample, gravimetric analysis
Multi-gas calibrator Themo Mode! 146C NA 0tc 100 cc Mass flow meters
0to 101pm
Ozone Transfer Standard Thermo Model 49C TS NA 0.001 to 0.500 ppm Pulsed fluorescent
Horizontal wind speed 10m, 50m, 100m Climatronics Mode! F460 Continuous 0.1 to 100 mph Cup Anemometer/Photo-chopper
Horizontal wind direction 10m, 50m, 100m Climatronics Mode! F460 Continuous 0° to 360° Vane/Potentiometer
Sigma-theta 10m, 50m, 100m Campbell Scientific CR23X Datalogger Continuous 0° to 100° Digital computation
Vertical Wind Speed 10m, 50m, 100m Climatronics Model 102236-G0 Continuous -125t0 +12.5 mph Propeller Anemometer
Sigma w 10m, 50m, 100m Campbell Scientific CR23X Datalogger Continuous 0° to 100° Digital computation
Temperature 2m, 10m, 50m, 100m Climatronics Model 100093 Continuous -30°C to 50°C Aspirated triple-element thermistor
Temperature Difference Climatronics Model 100093 Continuous -5° to 10° Aspirated triple-element thermistor
(10m-2m, 50m-2m, 100-m-2m, 100m-50m)
Solar Radiation (~4m) Kipp & Zonen Model CMP3 Continuous 0 to 2 langley/minute Thermopile
Precipitation (~4m) Climatronics Model 100097-1-G0 Event, 1-hour { 0.01 in to Unlimited Tipping Bucket
Accumulation
Relative Humidity {2m) Campbeli Scientific, Model HMP 45C-L Continuous 0 to 100 percent Hygrometer
Barometric Pressure (~4m) Climatronics Model 102663-G0-10 Continuous | 600 — 1,100 hPascals Solid State Piezoresistors
Data logger Campbell Scientific CR23X 1/second 0-1v Digital computer

ppm = parts per million

pg/m® = micrograms per cubic meter
Hm = micrometers

cc = cubic centimeters

Ipm = liters per minute

mph = miles per hour

°C = degrees Celsius

v =volts
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With this design, a small (1 parts per billion [ppb]) change in O3 concentration requires the photometer
intensity to be stable to less than 2 parts per 105 in the typical 10-second reference/ambient sample cycie.
To meet the stability criteria, the Thermo 49C employs two photometers and uses two separate absorption
cells and detector systems. These two detector systems operate simultaneously, alternating reference and
ambient samples. When one detector is sampling ambient air, the other is sampling reference air. By
integrating the signals and averaging each calculated chamber concentration, fluctuations in UV lamp
intensity can be factored out. The microcomputer in the Thermo 49C calculates the O, concentrations
directly for each cell and outputs the average concentration in both a front panel digital display and an
analog output.

4.1.3 Sulfur dioxide analyzer

Ambient levels of SO, will be monitored continuously by using a Thermo Model 43C S0; analyzer. Based
on ENSR's experience, the Thermo 43C Pulsed Fluorescence SO, Analyzer provides unequaled ease of
operations reliability, precision, and specificity. This analyzer does not use consumable gases or wet
chemicals. The Thermo 43C operates on the principle of fluorescent radiation of SO, molecules. A reaction
chamber is irradiated by UV light and the fluorescent radiation is detected by a sensitive PMT. Associated
electronics amplify the output from the PMT. The output voltage is proportional to SO, concentrations.

4.1.4 Particulate samplers

A high-volume PMy, sampler draws a known volume of ambient air at a constant flow rate through a
size-selective inlet and through a filter. Particles in the PM,, size range are then collected on the filter during
the specified 24-hour sampling period. Each sample filter will be weighed before and after sampling to
determine the net weight (mass) gain of the collected PM,; sample. The federal reference method for PMig
sampling is given in 40 CFR Part 50, Appendix J (USEPA 1987). '

PM;1o sampling will be performed using Tisch TE-6070V Volumetric Fiow Controlled PM1 monitor samplers.
The Hi-Vol unit consists of a motor assembly, criticat flow device, removable sample filter holder, tapsed
time meter, mechanical timer, aluminum housing, and 10 pm size selective inlets. The samplers will be
mounted on a platform adjacent to the air quality instrument shelter.

4.1.5 Gas analyzer calibration systems

The air quality monitoring station at BASIN will be equipped with a Thermo Model 146C Multigas Calibration
System. The TEI 146C is an air quality calibration system with mass flow controllers. The calibration system
combines solenoid valves, power supplies, and other major components that have been used for air quality
applications for several years with state-of-the-art control technology which will allow users to remotely
conduct Level-1 precision checks and multi-point calibrations. The diluent air mass flow controller has a
range of 10 standard liters per minute (SLPM) and the gas mass flow controller has a range of

100 cc/minute. The mass flow controllers assure a precise mixing ratio for accurate and precise calibration
gas generation using the electronic closed-loop contro!. The CPU calculates both the required gas and
diluent air flow rate and controls the corresponding mass flow controllers accordingly. '

The principle of gas phase titration is based on the rapid gas phase reaction between NO and O; which-
produces stoichiometric quantities of NO,. Given that the NO concentration is known prior to this reaction,
the resuitant concentration of NO, can be determined. After the addition of O, the observed decrease in NO
concentration on the NO channel is equivalent to the concentration of NO, produced. The Thermo 146C is
designed to satisfy complete reaction (less than 1 percent residual O3) based on USEPA guidelines. NIST
traceable USEPA protocol 2 bottled calibration gases wilt be used. UV photometer transfer standards for O,
calibrations also will be employed.
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4.2 Meteorological instruments

At the proposed Basin site, meteorological data will be collected from an instrumented 100-m tower. The
specific instruments and equipment are described in more detail below.

421 Horizontal wind speed and direction

Horizontal wind speed and direction on the tower will be measured continuously at the proposed Basin site
using Climatronics Model F460 wind systems (100075-G0-HO for wind speed; 100076-G0-HO for wind
direction). Wind speed will be measured using an anemometer where the principle of operation is based on
a light chopper that produces a frequency proportional to wind speed. The wind direction sensor will be a
lightweight vane that senses position by a precision potentiometer. The wind sensors will be installed at
100 m, 50 m, and 10 m. The standard deviation (sigma-theta) of the wind direction is computed by the data
logger using the USEPA-preferred Yamartino method (USEPA 2000).

4.2.2 - Temperature and temperature difference

Temperature at the proposed Basin site will be measured at three levels on the tower using a Climatronics
Model 100093 temperature system. This motor aspirated system includes dual element thermistors
mounted at 100 m, 50 m, 10 m and 2 m above ground level. Delta-T is calculated by the datatogger based
on the difference in temperatures measured by identical sensors at each of the levels, 10-2 m 100-2 m, and
50-2 m. The datalogger resolves the temperature difference to better than 0.1°C.

This sensor configuration is designed to provide complete signal wire compensation and fo eliminate any
measurement errors resulting from resistance of the signal cable. The aspirator is mechanically ventilated
with a fan to prevent conductive interference from precipitation and radiation from solar and terrestrial
sources.

423 Vertical wind speed and standard deviation

Vertical wind speed on the tower will be measured continuously at the proposed Basin site using
Climatronics Model 102236-G0 wind systems. Vertical wind speed will be measured using an anemometer
where the principle of operation is based on a prop that rotates either clockwise or counter-clockwise, which
corresponds to positive or negative voltages that are translated into upward and downward vertical wind
speed. The wind sensors will be installed at 100 m, 50 m, and 10 m. The standard deviation (sigma-w) of
the wind direction is computed by the data logger following the guidelines in USEPA (2000).

4.2.4 Solar radiation

At the proposed Basin site, radiation measurements using a Kipp & Zonen model CMP3 pyranometer
located at about the 2 m level. The sensor is designed for measurement of global (sun and sky) radiation.
The detector is a differential thermopile made of plated copper on constantan junctions. Hot-junction
receivers are covered with a stable black coating, cold junction receivers are whitened with non-hygroscopic
barium sulfate. The sensor is temperature compensated using thermistor circuitry to within 1.5 percent of
the range of -20°C to +40°C. The sensor is sensitive to wavelengths of 0.285 to 2.800 um.

4.2.5 Relative humidity

RH will be measured, at 2 m, using a Campbeli Scientific model HMP 45C-L humidity sensor. The sensing
element is a small hygroscopic thin film capacitor that modifies its value as a function of both the water
vapor pressure and temperature of the environment. The sensor probe electronics automatically
compensate for temperature effects on the probe. Sensor output signals are data logger compatibie
requiring no additional processing.
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4.2.6 Barometric pressure

Barometric pressure will be measured using a Climatronics Model 102663-G0-10 pressure sensor. The
pressure sensor is a piezoresistive device. The sensor is ideally suited to applications requiring accurate
measurement of pressure. The sensor provides 0-1V DC over a 600 to 1,100 hPascals range. .

4.2,7 Precipitation

A Climatronics Model 100097-1-G0 6-inch tipping bucket precipitation gauge wilt be used to measure
rainfall. Precipitation is channeled to a triangular bucket that tips once for each 0.01 inch of water collected.
When the bucket empties, it activates a switch that is monitored and recorded by the data acquisition
system. '

4.3 Tower and continuous gas analyzer data acquisition systems

The station will be equipped with redundant data collection systems to achieve maximum data retrieval. The
primary data source will be hourly digital data collected by a Campbell Scientific CR3000 datalogger. This
unit is equipped with a telephone modem or other telemetry modem and link to provide a near-real time
interface to ENSR computers for network status checking and data backup. The datalogger, and will be
equipped with a solid state data recording module, that will be changed out as needed to supplement or
update the primary database.

4.4 Miscellaneous equipment

Support equipment for the proposed Basin monitoring site includes a Rohn 100-m tower (or equivalent). The
site will have an 8-foot x 12-foot x 8-foot instrument shelter with exterior and interior lighting, heating, air
conditioning, equipment rack, and table. The shelter will be skid-mounted and ground-anchored with cement
anchors. Shelter internal temperature wiill be maintained within a control range of 20-30°C via a thermostat
and the heating and cooling systems. For data validation purposes temperature will be measured and
tracked by the data logger.

An inventory of consumable items will be necessary for the efficient operation of the meteorclogical systems
and to ensure the specified data recovery rate. Sufficient supplies will be maintained at the stations to
ensure continuous system operation. ENSR also has an in-house inventory of spare parts for all equipment
items installed at the proposed Basin site. This inventory contains all common failure items as well as those
costly parts that seldom fail. Thus, in the event of failure of an unusual part, two sources of supply are
available. In addition, ENSR maintains complete spare instruments for most of the parameters measured in
this program which can be temporarily substituted into the network should an instrument malfunction occur.
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5.0 Station operational procedures

This section describes the routine procedures used in operating the proposed Basin ambient monitoring
program. All procedures have been specifically designed to provide appropriate quality control and ensure
that valid data recovery meets or exceeds the PSD requirements of 80 percent for air quality parameters

~ (quarterly) and 90 percent for meteorological parameters (annually).

In this section, the various components of the station operational procedures will be individually described.
These include:

e Equipment integration and testing;
e Station installation;
* Routine network operations; and

+ Monitor calibrations.

The descriptions of network operations provided in this section are augmented by ENSR's SOPs and
Technical Instruction (TECHINS) listed in Table 5-1. Activities relating to testing, installation, operation, and
maintenance of the equipment used in this program will conform to the USEPA Ambient Monitoring
Guidelines for PSD; and supplemented by ENSR SOPs, where applicable. Pertinent SOPs and TECHINS
for the proposed Basin monitoring program are included in Appendix C.

5.1  Equipment integration and testing

ENSR will conduct considerable testing of the monitoring equipment during the pre-operation phases of the
program. All project equipment tests will be performed according to ENSR SOPs, be fully documented and,
where appropriate, traceable to authoritative standards.

Prior to systems integration and assembly, an operational check will be performed in the ENSR laboratory
on each individual instrument. The operational check will be conducted according to a set of SOPs for
calibration, accuracy, and stability. A quality control form specific to each instrument will be completed and
verified for compliance with performance requirements. In the event an instrument or system fails the
operational check, appropriate repairs will be made, or the instrument returned to the manufacturer for
repair. The operational check for instruments repaired or replaced will be repeated.

~ After all equipment has been checked and accepted, the monitoring systems will be assembled, integrated,

and tested. The design provides sufficient electrical surge protection, and will be optimized for convenience
and ease of operation. The system will be fully assembled, integrated, and labeled in exactly the same
configuration as anticipated in the field. The system will be activated for operational testing. These tests
consisted of continuous anatyzer checks using test atmospheres, meteorological system performance
checks, and data collection system checks. Following the control checks, each system will be run under
ambient conditions for several days to check system stability and verify compliance with operational
specifications. Before shutdown at the end of the program, each sensor will be calibration checked and any
suspected instrument problems will either be corrected or the unit will be replaced. Each component serial
number and network assignment number will be logged along with testing results.
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Table 5-1 Listing of SOPs and technical instructions used by ENSR in operating the proposed
Basin ambient monitoring site
Number | Rev. Date Title

2400 2 3" Qtr.2006 | Traceability of Standards for Ambient Monitoring

2600 4 3" QIr. 2006 | Ambient Monitoring Field Calibration Control Plan

2630 3 2" Qtr. 1993 | Routine Data Collection and Evaluation

2660 2 2™ Qtr. 1993 Meteorological Sensor Siting and Calibration

2750 1 2002 Test Equipment Calibration/Repair

2800 1 4™ Qtr. 1993 Field Audit of Air Quality Monitoring Networks

2990 5 3"Qtr. 2006 | Ambient Monitoring Data Validation

2991 1 2" Qtr. 1993 | Continuous Air Measurement Data Reduction and Editing

4000 3 3" Qtr. 2004 | Data Validation of Air Quality and Meteorological Data

2000-165 |4 3" Qtr. 2006 | Field Calibration: Wind Speed System

2000-166 |3 3" Qtr. 2006 | Field Calibration: Wind Direction System

2580-001 |3 3" Qtr. 2006 | Transfer Standard Flowmeter Calibration

2580-200 (0O 2™ Qtr. 2006 | Operation and Calibration of the AP Model 700 Calibrator

2600-101 |1 2¥Qtr. 1993 | Calibration Check or Audit Using a Thenmo Model 49C Ozone Transfer Standard
2600-137 |3 2" Qtr. 2006 | Installation, Calibration of the Thermo Modl 42C Oxides of Nitrogen Analyzer
2600-225 |2 2 Qtr. 2006 | Operation, Calibration, and Maintenance of the Thermo Model 43C SQ, Analyzer
2600-700 |1 2¥Qtr. 1984 | Operation of the ENSR Portable Field Calibration System

2620-001 7 3" Qtr. 2006 | High Volume Sampler Calibration for the Volumetricatly Flow Controlled (VFC) Sampler
2620002 |5 37 Qtr. 2006 High Volume Sample Collection

2620-071 |1 2" Qtr. 1993 High Volume Timer Field Calibration

2629-201 |6 3" Qtr. 2006 | Filter Processing Method for the Determination of Suspended PM10 SSI Particulate Values
2630-101 |1 2" Qtr. 2006 | Operation and Maintenance of Thermo 49C Ozone Analyzer

2660-210 (1 4" Qfr. 1994 | Field Calibration Procedure: Temperature/Delta Temperature Monitoring System
2900-001 |2 3" Qtr. 2006 | Performance Audits of Air Quality Monitors

2901-001 |1 3“Qtr. 2006 | Technical Instruction: Documentation of Field Calibration of Continuous Air Quality

Analyzers
2901-100 |1 4" Qtr. 1994 | Quality Control Documentation Review Procedure
2990-001 |2 3°Qtr. 2006 | Technical Instruction; Calculation of Precision and Accuracy Statistics

5.2 Station installation and initial calibration

5.21 Site preparation and mobilizing equipment

All site preparation activities are the responsibility of Basin. These activities include gaining site access
authorization, obtaining any necessary construction and special use permits, arranging for utilities, as
applicable, and providing security fencing as required around the monitering site,
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At the completion of the systems integration and testing phase, the system will be partially disassembled
and packaged prior to their shipment to the proposed Basin Site. Alt equipment in the racks and critical
assemblies will be disassembled, packed in protective foam or appropriate packing boxes, and secured
within the shelter. All spares and consumable supplies will be also packed and shipped in the shelter. Once
the shelter is packed, the door will be secured. :

Upon arrival, the monitoring shelter will be immediately off-loaded at the designated site. The shelter will be
placed on supports, leveled, secured with anchors, and electrically grounded, and pre-prepared utility
connections will be made. ENSR will contract with Tower Systems, Inc. to install the 100-m meteorological
tower.

5.2.2 Site installation

The continuous gas analyzers will be installed in the environmentally controlled shelter and operated in the
reference/equivalent configuration and settings as specified by the manufacturer. The samplers will be
mounted on a platform adjacent to the air quality instrument shelter. Gas analyzer and sampler infet heights
will conform to the provisions of 40 CFR 58, Appendix E, Probe Siting Criteria for Ambient Air Quality
Monitoring.

Meteorological tower instrumentation will be installed in accordance with USEPA siting criteria specified in
USEPA (19887 and 2000).

Station installation activities will consist of the following:

» Tower Systems will install the 100-m tower:

* The particulate samplers will be mounted on a platform providing separation and height per
specifications; :

* The electrical power circuits will be connected and tested:

¢ The intake manifold and sampling cane will be installed at heights that conform to the
provisions of 40 CFR 58, Appendix E, Probe Siting Criteria for Ambient Air Monitoring;

* The equipment racks will be integrated in exactly the same configuration as tested in the
laboratory;

* The meteorological sensors will be mounted on the tower and signal cables connected; and

* The complete monitoring system will be powered-up and verified to be operational.

5.2.3 Initial calibration

Once installation activities are completed and all instrumentation activated, operationally tested, and
stabilized in the field, complete ambient moriitoring equipment calibrations will be conducted. The digital -
data acquisition system also verified by comparison with the digital voltmeter output. Calibration procedures
for each instrument are outlined in Chapter 6.

5.2.4 Operational testing

After the startup calibration, the ENSR field operations supervisor and project air quality technician will
remain on-site to verify the performance of the system under actual operating conditions. During this period,
equipment stability will be the main concern. Any marginal equipment will be repaired or replaced. All
activities will be decumented using standard project forms. Examples of these forms are attached in
Appendix A,
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5.2.5 On-site technician training

Coincidental with the installation and operational testing activities, ENSR will provide additional training to
the on-site technician regarding station operational procedures. Training will be focused primarily on routine
station operations and inspection, maintenance, and quality assurance activities that will be conducted by
the on-site technician. Suggestions and additional training will also be provided, as appropriate, throughout
the entire term of the project by ENSR project technical personnel through routine telephone
communications, during calibration visits, quality assurance performance audits, and other potential network

service visits.

5.26 Site documentation

ENSR maintains the following support documentation at each site:

» Copies of manufacturer's operation and service manuais for each piece of monitoring, calibration,
and test equipment;

» Copies of each SOP covering tasks to be performed in the operation of the monitoring system
{SOPs will be complete with copies of each network document and examples of the proper
recording of data on those documents); and

e A copy of this Monitoring Plan.

5.3 System operations and maintenance

5.3.1 Routine operations and maintenance -

ENSR will operate the air quality and meteorological monitoring system according to USEPA PSD
guidelines defined in 40 CFR 58 Appendix A, QA Requirements for SLAMS, SPM, and PSD Air Monitoring.
ENSR supplements these guidelines with the Meteorological Monitoring Guidance for Regulatory Modeling
Applications {USEPA 2000). Other guidance listed in Chapter 1.0 of the Plan and applicable requirements of
SDDENR for monitoring programs and incorporates established SOPs and good scientific judgment in
operation of the network.

Project field staff consists of the senior air quality technicians stationed at ENSR's Fort Collins, Colorado,

~ office, and an independent auditor. The project manager has overall responsibility for operation and

maintenance of the monitoring system.,

ENSR’s senior air quality technician will visit the site on a quarterly basis to calibrate the air quality systems
and will perform calibrations on all the meteorological systems on a semi-annual basis. An auditor reporting
through ENSR's QA Department will conduct performance audits of the air quality instruments each
calendar quarter and will perform audits on alf the meteorological systems on a semi-annual basis. Audit
equipment including orifices, gases, and instruments wili be different from the equipment, gases, and
instruments used for calibration at the Basin site. Systems audits will be conducted by the independent
auditor within about 60 days of startup and at least once a year. A summary and schedule for the fieid
network activities are provided in Table 5-2,
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Table 5-2 Scheduled field activities for the Basin ambient monitoring network

Field Operations Activities

Every
Visit

Bi-Weekly

Monthly

Quarterly

Semi-
Annually

Enter arrival time and date on the Station Log

X

Change Hi-Vol PMy, filters and record
pertinent data on filter jackets (every 6 days)

X

Check displays on telephone modems

Inspect the operational characteristics of
each sensor

Enter data on Site Checklist for each
analyzer

Enter the applicable data on the Status/Data
Assessment sheets

Record all pertinent observations and data in
a narrative Station Log

Check the inside temperature of the shelter
and record temperature extremes

Collect data sheets and station logs, and Hi-
Vol filters and send them to ENSR Fort
Collins by registered mail or FedEx

Check meteorological data sensor cables for
wear

Assist with quarterly AQ calibrations

Assist with quarterly AQ audits

Assist or perform meteorological calibrations
and calibrate test instruments

Systems and Performance audits — by

independent QA auditor

The on-site technician will receive hands-on training at the site during and following installation, and will be
given a site checklist to follow in the performance of duties. A list of Site technician duties is shown below

(Table 5-3).
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Table 5-3 Field operations checklist for the Basin ambient monitoring network

Field Operations Activities | Checked

Upon arrival, note arrival time and date on the Station Log.

Change Hi-Vol PMy, filters and record pertinent data on filter jacket (every 6 days).

Check display on telephone modem.

Inspect the operational characteristics of each sensor/analyzer.

Enter data in Site Checklist for each analyzer.

Enter the applicable data on the Status/Data Assessment sheets.

Record all pertinent observations and data in a narrative Station Log.

Check the inside temperature of the shelter and record temperature extremes.

Check condition of intake manifold filter cartridges. Change every 2 weeks.

Collect data sheets, station logs, and Hi-Vol fiiters and send them to ENSR Fort Collins by
registered mail or FedEx (monthly).

Inspect tower and check meteorclogical data sensor cables for wear,

The routine site visits are supplemented by daily computer interrogation of the monitoring station. The
Campbell Scientific data logger gathers data from the met tower and wilf be equipped with a telephone
modem for access by ENSR computers. This allows for daily station performance evaluation by ENSR
operations personnel responsible for the monitoring program. It provides valuable information on a near-real
time basis on the condition of each monitoring system.

Filter analysis will be conducted by ENSR. Filter processing including filter selection, filter preparation, filter
tracking and gravimetric analysis procedures including all quality control procedures are detailed in SOP
2629-201.

5.3.2 Calibrations

In order to ensure collection of high quality data, frequent field calibration of monitoring instruments and
recorders will be performed. These calibrations will be conducted by ENSR's Fort Colfins-based air quality
technician. Calibrations will be performed at least quarterly for air quality equipment and semi-annually for
meteorological equipment. All calibration records will be examined by the project QA officer who has
knowledge of the procedures but no direct involvement with the actual calibrations. Detailed calibration
procedures for each instrument are provided in Chapter 6.

Instrument calibration checks will be required if any one of following criteria are met:

» Atstart-up and quarterly (air quality), or semi-annually (meteorology), thereafter;
¢ When any maintenance activity that may alter the response of any instrument is conducted:

¢ When the daily span of any of the continuous gas analyzers deviates by more than £10 percent
(5 percent for O,) from the designated span value;
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* When audit results of the continuous gas analyzers show that the difference between the audit
standard and the instrument response exceeds +10 percent (x5 percent for O,);

*  When audit results of meteorological instrumentation exceeds the audit acceptance criteria;

*  When a continuous gas analyzer has been shut-off for more than 2 days; and

»  Prior to removal of an instrument from a station if it is still operational.
All calibrations of atmospheric monitoring equipment will conform to QA requirements as outlined in Ambient
Monitoring Guidelines for PSD (USEPA 1987). Calibrations will be performed according to ENSR SOPs,

which have been developed to meet the strict requirements of the USEPA regulatory guidelines for NIST
fraceability and documentation.

Documentation of ali site visits will be provided through several forms. A station log will be maintained at the
site detailing inspection, calibration, or repair activities. Records of measurements taken during calibrations
will be recorded on forms designed specifically for the instrument under calibration. The station logs and
calibration records will be printed on multi-copy forms for distribution. Copies of these are attached in
Appendix A.

Test equipment used for calibrations will be maintained and calibrated on a regular basis. Records that
provide traceablility to the NIST of all equipment used for adjusting monitoring systems are maintained by
ENSR. The following equipment will be used for calibrations of air quality instruments:

Calibration of the meteorological and data acquisition systems consists of pre- and post-maintenance
dynamic calibrations in which the sensor (and/or system) is subjected to known conditions. These
cafibrations will occur at start-up and at least once every 6 months.

The following equipment will be used to conduct calibrations of meteorological instruments:

*» Certified digital multimeter, Fluke 8060A or equivalent;
* Linearity test fixture F460;
* Map with reference points (exact directions);
+ Compass; |
¢ Variable speed stepper motor;
¢ Torque wheel (0.2 to 7 g-cm range);
e NIST traceable thermometers;
¢ Insulated temperature baths;
* Frequency counter (Fluke 1900A or equivalent); and
* Oscilloscope (Tektronics 335 or equivalent).
Details of the calibration of each analyzer or system are provided by the ENSR SOPs listed in Appendix C

and are summarized in the following sections. Project accuracy goals for each parameter are presented in
Table 54,

5.4 Preventive Maintenance

The preventive maintenance tasks and schedules recommended by the manufacturers of the continuous
meteorological sensors will be followed. Wind sensor bearings will be replaced semi-annually.
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In conjunction with the preventive maintenance schedule, a spare parts inventory has been developed.
These parts will be available for immediate installation. When any one of the critical spare parts is used a
replacement part will be ordered immediately or the failed component will be repaired or replaced to
maintain the inventory count.
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6.0 Quality assurance plan

6.1 Purpose and objectives

This QA plan describes the QA organization, responsibilities, procedures, documentation, audits, control
limits, and data acceptance criteria for the proposed Basin ambient monitoring program. This monitoring
program will be run in compliance with 40 CFR 58, Appendix A, QA Requirements for SLAMS, SPM, and
PSD Air Monitoring. It is anticipated that this monitoring program will achieve and average data recovery
rate in excess of 90 percent for meteorological parameters (annually) and 80 percent for air quality
parameters (quarterly). The data accuracy goals for the parameters measured are chosen to be consistent
with all PSD monitoring requirements. The accuracy goals for all measurements are listed in Table 6-1. If
any audit or calibration checks reveal the instruments to be operating outside of the. tolerance levels
specified in Table 6-1 than the data collected since the last valid check will be considered invalid unless
correction is possible.

Table 6-1 Data Accuracy Goals Basin Ambient Monitoring Program
Parameter : Accuracy

Continuous Gas Analyzers + 15 percent (upscale concentrations) and + 0.015 ppm for zero checks (£ 1.5 ppm
for CO) for NO,, SO, and CO )
+ 7 percent (upscale concentrations) and + 0.007 ppm for zero checks for O3

Particutate Samplers * 10 percent of designated flow rate

Horizontal Wind Speed £ (0.2 m/sec + 5 percent of observed)

Horizontal Wind Direction + 5.0 compass degrees and + 3.0 degrees relative to sensor mount (finearity)

Vertical Wind Speed (0.2 m/sec + 5 percent of observed)

Temperature x05°C

Delta-Temperature x0.1°C

RH + 10 percent

Barometric Pressure +0.09 in mercury

Precipitation + 10 percent of observed or 1 0.5 millimeters (mh1)

Solar Radiation ' + 5 percent of observed

Note: Meteorological accuracy goals match those stated in USEPA 2000.

The precision goals for the continuous air quality measurements are the same as the accuracy goals. The
precision goals for PMyq as calculated from collocated samplers are 5 pg/m® for PM,, concentration less
than 80 ug/m*® and 7 percent for PM,, concentrations above 80 pg/m’.

All data will be reported in appropriate scientific or engineering units. The results of calibrations, audits, and
precision checks will be kept on file at ENSR's Fort Colling office, reported in quarterly data summaries, and
archived upon completion of the project for a minimum of 5 years.

Audit reports shall be issued promptly and addressed to the project manager. The audit report, including the

original data sheets from the performance portion of the audit, will be archived at the ENSR Fort Collins
office.
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6.2 Organization and responsibilities .
Figure 6-1 presents a project organization chart depicting key personnel and responsibilities.

The proposed Basin meteorological monitoring program will be administered under ENSR's Corporate QA
Program, the policies of which are stated in the ENSR Corporate Statement of QA Policy and QA Manual
for Air Measurements (see Appendix B). The corporate QA manager reports to the executive vice president
of ENSR, assuring complete independence from line function, Additionally, each ENSR region has assigned
a regional QA officer who reports to the corporate QA manager and directly supports QA programs in each
regional office. '

A QA department auditor or an independent third party (Figure 6-1) wiil perform the field audits under the
direction of the project QA officer. Audit results will be presented in an audit report published by the
corporate QA department, and follow-up to assure corrective action is taken, if necessary. A copy of the
audit report and summary of any corrective action will be communicated to Basin Electric within 30 days of
each project quarter end.

6.3 Standard operating procedures

All technical work will be controlled by formal written procedures in conformance with the provisions of the
ENSR QA Manual for air measurements. A list of the SOPs applicable to the proposed Basin monitoring
project is presented in Table 5-1. Copies of applicable ENSR SOPs are included in Appendix C.

6.4 Continuous air quality analyzers
6.4.1 Calibrations

In order to ensure collection of high quality data, frequent field calibration of monitoring instruments and
recorders will be performed. These calibrations will be conducted by ENSR's Fort Collins based air quality
technician. Calibrations will be performed at least quarterly for alt air quality analyzers.

*  Muiti-point calibrations and spans will be performed using standards documented traceable to
NIST. Calibration procedures are summarized in Section 5.3.2.

¢ Calibrations, zero checks, span checks, and precision checks will be done through the normal
sampling trains (i.e., those scrubbers and filters normally employed during sampling.

* Automatic zero/span checks will be performed daily. No automatic adjustment will occur, but the
information will be used to detect sudden malfunctions or changes in calibration that may warrant
unscheduled maintenance visits. The span check concentration will be at 70 to 90 percent of
instrument full-scale response.

* Level- span, zero and precision checks will be performed automatically every week. Multi-point
calibrations will be performed whenever the daily span exceeds 15 percent (7 percent for 0O;) of
expected.

Muilti-point calibrations of the continuous gas analyzers consist of challenging each instrument with known
concentrations at approximately 20, 40, and 90 percent of full scale. In addition to these points, a zero check
will be performed on each analyzer. Gas phase fitration (GPT) with ozone will be performed to assess NO,-
to-NO converter efficiency in the NO, analyzer. Linearity over the range of each analyzer will be checked
and adjustments made, as appropriate, to bring the analyzer response within the control limits.

The control fimits for multi-point calibrations for the SO, NO,, and CO analyzers is + 15 percent for upscale
concentrations, and + 0.015 ppm for zero checks (x 1.5 ppm for CO). The control limits for multi-point
calibrations for the O, analyzer is + 7 percent for upscale concentrations, and + 0.007 ppm for zero. For O,
the action limit will be + 5 percent in an attempt to achieve +7 percent.
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Figure 6-1 Organization chart for the Basin Electric ambient air quality monitoring program
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6.4.2 Performance audits

Quality assurance performance audits will be conducted by independent persons assigned by the Corporate
QA Department who have no responsibility for the operation of the network or by an independent third party
contractor. Audit equipment will be different from that used in calibration of the analyzers; it may, however,
be traceable to the same primary standards. Audits will occur within 60 days of start-up and quarterly
thereafter.

Audits will be performed in conformance with 40 CFR 58 Appendix A, QA Requirements for SLAMS, SPM,
and PSD Air Monitoring and ENSR TECHIN No. 2900-001. Audits will consist of three test atmospheres,
and a zero check.

Audits will be conducted by introducing the test atmosphere to the analyzer through its normal ambient
sampling system. These procedures are the same as those described by the section on instrument
calibrations.

The percent difference between the actual concentration of the audit test gas and the concentration
indicated by the analyzer will be used to assess the accuracy of the monitoring data. The action limit on
performance audit results is 10 percent (5 percent for O,). If the percent difference at any audit point
exceeds this limit, a full multi-point calibration of the instrument will be performed. The control limit on
perfermance audit results is 15 percent (7 percent for Os) or 15 ppb (7 ppb for O3) whichever is greater. If
this limit is exceeded, affected data may be excluded from the database and will be investigated prior to
invalidating any data. Accuracy data compiled from the audit results will be submitted as part of the quarterly
report.

Audit challenge ranges and acceptance criteria for continuous (gaseous) analyzers are shown in Table 6-2.

Table 6-2 Gaseous Analyzers Audit Challenge Ranges and Acceptance Criteria
Audit Concentration Ranges (ppni) Acceptance
Parameter Zero | Level1 | Level 2 Level 3 Level 4 Level 5 Criteria

O3 0 0.02- 0.06- 0.15-0.20 0.36-0.45 nfa +7% or +7 ppb for
0.05 0.08 any point

S0; 0 0.0003- | 0.006- 0.03-0.08 0.15-0.20 0.36-0.40 | £15% or 15 ppb
0.005 0.01 for any point

NO/NO2/NO,! 0 0.003- 0.03- 0.15-0.20 0.35-0.45 n/a +15% or £15 ppb
0.005 0.08 for any point

CoO 0 0.50- 1.50- 5.0-15.0 15.0-20.0 36.0-45.0 | £15% or +1.5 ppm
1.00 4.00 for any point

'NO; audit errors due to inevitable minor NO-NO, channel imbalance may be minimized by modifying the GPT technique fo
lower the NO concentrations remalning in NO, audit gas to levels closer to a minimum of 0.08 ppm remaining NO.

“Audit ranges provided in Table -1 may be changed to conform to future guidance from USEPA regarding implementation of 40 CF
R58 Appendix A. The lowest audit levels are being included for completeness but may not be reasonable for inclusion in standard
PSD tolerance evaluations using standard approved PSD monitoring equipment.

6.4.3 Precision assessment

Precision data wilt be derived from the biweekly precision checks. Each week the analyzer will be
challenged with a known concentration of gas. The normal sampling system including any filters will be used
when performing these tests. The percent differences between known and observed concentrations provide
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the information necessary to compute precision of the data. The exact procedure and equations for this
calculation are given in 40 CFR 58, Appendix A, Section 4. Action limits for precision checks have been set
at 10 percent (5 percent for O,). Control limits have been set at 15 percent (7 percent for Q). If this limit is
exceeded, affected data may be excluded from the database.

The precision check is performed first, by challenging the instrument with a known concentration at 0.080 to
0.100 ppm and recording the response. The precision check is followed by a zero check. Finally, the Level-|
span check is performed by challenging the instrument with a known concentration of 70 to 90 percent of
full-scale response for NOy, NO, O3, and SO,. For NO,, SO,, and CO, if the instrument response differs for
the precision or span check from the known input by more than 10 percent a full multi-point calibration must
be performed. For O, if the instrument response differs for the precision or span check from the known
input by more than 5 percent a full multi-point calibration must be performed. For NOy, SO,, and CO, if the
percent difference is between 5 and 10 percent, the instrument span control is adjusted to obtain a response
that matches the input. Whenever the span is adjusted, the zero check is repeated and the zero control is
readjusted if necassary.

Zero checks must be within 0.015 ppm (0.007 ppm for O3) or the analyzer must be recalibrated.

Precision and zero/span checks will be performed prior to any manual calibrations, or any other adjustment
to the analyzer. Precision checks are not affected by instrument replacement. If more than one analyzer is
used in a given quarter to collect the same parameter, documentation will show the change of equipment,
but the final precision statistics will reflect all the percent differences observed during the quarter.

Precision checks will be performed using the instrument calibration devices or the in-station gas dilution unit
calibrator.

6.5 High volume samplers
6.5.1 Calibrations

Calibration of the particulate samplers will be done with NIST traceable calibration system using variable
resistance orifices, to produce a series of different flow rates in the range of 30 to 60 actual cubic feet per
minute. Actual flows derived from calibration curves shall be corrected using seasonal values for
temperature and pressure or on-site temperature and pressure readings.

The particulate samplers shall be multi-point calibrated:

e Upon start-up;

¢ Upon shutdown;

* After maintenance, such as motor change;

*  Upon exceedence of tolerance limits;

» Atleast once every per calendar quarter; and

e After an audit shows a +7 percent discrepancy.

6.5.2 Performance Audits

The flow rate of the high volume sampler will be audited quarterly by using an NiST-traceable orifice and
manometer (with unity oil in sub-freezing weather) to measure the flow rate (true) through the sampler for
comparison with the flow rate determined simuitaneously with the site indicator and calibration curve
(indicated). A full audit as described in sections 3.3.3 and 3.2.4 will be performed quarterly in place of the
quarterly flow rate verifications required under 40 CFR 58 Appendix A section 3.3.2. As a full audit is a more
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conservative test of the instrument performance this shouid be an acceptable way to show compliance with
the accuracy standards. If the percent difference between true and indicated flow rates exceeds 7 percent,
the sampler must be re-calibrated. Changes in flow rate calibration of more than 10 percent may invalidate
all samples collected back to the last calibration or valid flow check, and the sampler must be re-calibrated.
Audit results greater than 10 percent will warrant further investigation prior to invalidating samples. Audit
methods and acceptance criteria for particulate samplers are shown in Table 6-3.

Table 6-3 Particulate samplers audit methods and acceptance criteria

Parameter Audit Method Acceptance Criteria
Particulate filter sampler Audit orifice flow to actual sampler flow +10 percent
Particulate filter sampler Design criteria flow to actual sampier flow | £10 percent

6.5.3 Precision assessment

Precision statistics will be generated from the percent differences between the primary particulate samplers
and the respective collocated samplers for PM, at the Basin site. The percent differences are then used to
compute 95 percent confidence limits in accordance with 40 CFR Part 58, Appendix A.

6.5.4 Filter sample custody

ENSR's laboratory will provide a supply of pre-weighed filters to the site technician, Each filter will be
enclosed in a pre-printed filter jacket containing spaces for all required sample information to be filled in by
the field site technician. Exposed particulate samples will be sent first to ENSR's gravimetric laboratory for
determination of particulate concentrations.

Each filter is folded in half and returned to its filter jacket (folder) and placed in a plastic bag. The site
technician will place the filters and site logs into a plastic container and ship them to the ENSR Fort Collins
laboratory and data center on a monthly basis. (SOP 2620-002). ENSR's laboratory is responsible for
tracking incoming field samples. A laboratory logbook will be maintained and will contain, as a minimum, the
following:

e  Sample number

¢ Date received and date analysis completed; and

s Technician performing the analysis.

6.6 Tower meteorological sensors

6.6.1 Calibrations

Sensors will be aligned, tested, and calibrated at least once every 6 months using test equipment traceable
to authoritative standards, and following ENSR SOPs, and manufacturer's manuals.

6.6.1.1 Horizontal and vertical wind sensors

Detailed calibration procedures for calibrating the horizontal wind speed and direction, and verticat wind
speed systems are listed in ENSR SOPs 2000-165 and 2000-166.

Factory calibration of the horizontal and vertical wind speed sensors provide NIST traceability through wind
tunnel testing. Field calibrations will be performed semi-annually by using a known revolution per minute
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motor, which is coupled to the wmd speed sensor. The sensor output will be checked using a frequency
counter and compared against the original sensor calibration (i.e., mph versus frequency). The wind speed
translator will then be calibrated for the proper output based on this frequency. The sensor will be exammed
for physical integrity and a bearing quality evaluation will be made using a torque wheel.

Semi-annual field calibrations of the horizontal wind direction sensors include verification of proper azimuth
orientation, system linearity, and proper crossover. Verification of the azimuth entails using direction
markers to sight in the orientation of the wind vane. To ensure that the wind direction system response is
linear, the system's output will be checked in both clockwise and counter-clockwise directions. A .
sensor-bearing quality evaluation will also be made using a torque wheel,

6.6.1.2 Ambient temperature

The ambient temperature system will be calibrated semi-annually by submerging the probe into
continuously stirred and thermally-insulated water baths (an anti-freeze bath and a warm water bath) which
are monitored using NIST traceable thermometers. During these calibrations the temperature aspirators are
also inspected to verify functionality. Calibration procedures for the temperature system are presented in
ENSR SOP 2660-210.

6.6.1.3 Solar radiation

The solar radiation sensor will be sent to the manufacturer annually for certification. Semi-annual checks of
the solar radiation sensor will also be conducted by collocated comparisons to a reference standard.
Collocated sensor readings will be obtained for three 15-minute averaging periods, and the average percent
difference will be compared to the acceptance criteria. The reference standard is traceable to the World
Meteorological Organization.

6.6.1.4 Barometric pressure

‘The barometric pressure sensor will be sent to the manufacturer annually for certification. Semi-annual
checks of the barometric sensor also will be conducted by comparison with a collocated NIST traceable
portable barometer. Collocated sensor readings will be obtained for three 15-minute averaging periods, and
the average percent difference will be compared to the acceptance criteria. The unit will be adjusted to
match the reference standard if the unit is out of specific tolerances.

6.6.1.5 Relative humidity

The RH sensor will be calibrated by comparison with readings taken using a collocated relative humidity
sensor. The collocated sensor is a laboratory certified relative humidity probe. Alternatively, psychrometric
readings using certified wet and dry bulb thermometers in a common fan aspirated radiation shield are
compared with the on-site relative humidity readings. Wet and dry bulb readings are then converted to
relative humidity using psychrometric tables.

6.6.1.6 Precipitation

The tipping bucket precipitation gauge will be calibrated using a volumetric flask and pipette. Known
amounts of fiquid will be infroduced to the gauge and the resulting volume compared to manufacturer's
specifications.

6.6.1.7 Data collection system

The Campbell data logger will be calibrated quarterly against reference voltage standards and a certified
digital multimeter.

March, 2007
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6.6.2 Performance audits

Meteorological systems will have performance and systems audits within approximately 60 days of start-up,
within 30 days of shutdown, and at 6-month intervals.

Meteorological measurement systems will be audited in strict accordance with ENSR SOPs and in
conformance with the provisions of USEPA's Quality Assurance Handbook, Volume 1V (USEPA 1995),
which calls for physical challenging of each sensor. The auditor would utilize NIST-traceable test equipment
for the meteorological performance audits.

Unless adverse weather conditions cause excessive delay, the auditor conducts the meteorological sensor

challenges with the sensors remaining on the tower. The acceptance criteria for performance audits are
provided in Table 6-4.

Table 6-4 Tower meteorological sensors audit ranges and acceptance criteria

Sensor Parameter Audit Challenge Ranges Acceptance Criteria
Wind speed Speed accuracy Three RPM values (0.2 mf/s + 5% of observed)
Starting threshold Starting torque s 0.2 g-cm (horizontal)
£ 2.0 g-cm (vertical)
Wind direction Orientation accuracy | To and from two landmarks + 5% in any direction
Response threshold Starting torque s7.0g-cm

Temperature and
temperature difference

Accuracy and linearity | Three temperature baths: Temperature £ 0.5°C
0°C, near ambient, and near full | A Temperature +0.1°C

scale |
Relative humidity Accuracy Collocated compared to ambient | Relative humidity + 10%
Solar radiation Accuracy Three collocated readings % 5% of observed
Precipitation Accuracy Compared to three known |+ 10% of observed
amounts of water
Tip response Manual tips One contact closure per tip

Barometric pressure Accuracy Compared to ambient z 3 miflibars

6.6.2.1 Horizontal and vertical wind speed

The wind speed sensors will be tested at three shaft revolution speeds using a variable speed motor. The
equivalent wind speed will be calculated corresponding to the manufacturer's specified values for shaft RPM
versus wind speed, and compared to readings obtained from the on-site data logger. A bearing integrity
check also will be performed.

6.6.2.2 Horizontal wind direction

For the audits of the wind direction sensors, two landmarks will be sighted. The wind vane will then be
oriented toward and away from each of the landmarks, resulting in a total of four test points for the sensor.
The two landmarks will be at angles separated by about 90 degrees, so that the four test points represent
the entire azimuth. Wind direction system readings will be obtained from the data logger output. A bearing
integrity check will also be performed.

02450-017-100 March, 2007
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6.6.2.3 Ambient temperature

Each temperature sensor will be immersed in three temperature baths with a NIST-traceable thermometer.
The temperature tests will be performed at 0 degrees °C, ambient, and approximately 40°C. Readings of the
bath temperatures will obtained with the NIST-traceable thermometer will be compared to the on-site data
logger output. Temperature difference will be assessed by simultaneously immersing both sensors in each
of the three baths and noting the measured temperature difference between sensors.

6.6.2.4 Solar radiation

Audit of the total solar radiation sensor will be challenged by comparison to a collocated reference standard.
Collocated sensor readings will be obtained for three 15-minute averaging periods, and the average percent
difference will be compared to the acceptance criteria. The reference standard is calibrated and traceable to
the World Meteorological Organization.

6.6.2.5 Relative humidity

The RH sensor will be audited by comparison with readings taken using a collocated relative humidity
sensor. The collocated sensor is a laboratory certified relative humidity prebe. Alternatively, psychrometric

- readings using certified wet and dry bulb thermometers in a common fan aspirated radiation shield are

compared with the on-site relative humidity readings. Wet and dry bulb readings are then converted to
relative humidity using psychrometric tables.

6.6.2.6 Barometric pressure

The barometric pressure audit will consist of challenging the sensor with a certified, collocated instrument

- which has been recently checked against a standard barometer at the nearest National Weather Station

station.

6.6.2.7 Precipitation

The accuracy of the precipitation gauge will be verified by challenging the 0.01 inch tipping bucket
mechanism with a known volume of water. The rate of flow through the gauge will be monitored and will be
slower than 25 mm/hour, The volume of water will be sufficient to cause a minimum of ten tips. The gauge
orifice will be measured to determine the effective collecting area.

6.7 Station system audits

The purpose of the system audits is to provide independent review of the design and operating practices of
the monitoring network.

Prior to conducting an audit, the auditor performs the following tasks:
* Review the QA Plan to become familiar with the system design, the purpose of the monitoring, and
applicable operating procedures.

* Become familiar with the calibration equipment to be used in the field.

e Assure that all calibration equipment used for the audit has been verified within required time limits
(see SOP 2600) and that all test equipment is in current calibration. (See SOP 2750, Test
Equipment Calibration/Repair.)

02450-017-100 March, 2007
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During the on-site portion of the system audit, the QA auditor performs the following: .

1. Verify that the site location and configuration match those given in the monitoring plan. Document
any variances and note whether or not required approvais will be granted.

2. Verify that meteorological instruments are focated at appropriate heights and distances from
obstacles for the surrounding terrain (USEPA 1987 and 2000). If meteorological instruments are not
properly sited, it should be determined whether there is documentation of an approved variance.

3. Inspect the shelter and surrounding area noting accessibility (road conditions), cleantiness,
orderliness, shelter temperature control, and Occupation Safety and Health Administration safety
standards pertaining to electrical connections, ladders, railings, and storage of any combustible and
toxic gases.

4. Inventory alt monitoring and recording equipment by manufacturer, model number, serial number,
age (if available), and date of last calibration, where appropriate.

5. Verify that meteorclogical systems (digital or analog), meet minimum accuracy requirements as
indicated by manufacturer and applicable USEPA or agency guideline specifications. Also, verify
that each meteorological sensor meets the appropriate PSD specifications (see Ambient Monitoring
Guidelines for PSD Section 5.2 and references therein).

6. Verify that all instruments are in current calibration. There should be documentary evidence
showing that all calibrations are traceable to NIST or equivalent standards.

7. Review the written procedures of the site. Written procedures should be available on site for the
technician's reference and should be adequate to ensure data validity. The technician should be
evaluated as to his or her knowledge of correct procedures.

8. Review site documentation (logs, maintenance schedules, calibration documents, calibration
stickers) to ensure that correct procedures are being followed.

6.8 Quality assurance documentation

The most important criterion for data validity is the documentation of each instrument's calibration to show
traceability and timeliness. Data within control limits and meeting these requirements will be deemed valid.

The following presents an overview of documentation maintained with respect to the proposed Basin
meteorological monitoring program.

6.8.1 Standard operating procedures

Written procedures exist that control the operation and calibration of each monitoring station. These
procedures contain sufficient detail to eliminate the possibility of producing different results through
misinterpretation, or a change of personnel.

6.8.2 Site logs

A station log will be kept at each site for recording site activities: visitors, unusual occurrences, calibrations,
maintenance activities, malfunctions, and repairs. Each entry will be dated and signed, and each instrument
identified by make, model, and serial number.

6.8.3 Calibrations and audits

Calibrations will be documented on standard forms and copies kept both at the site and at the data
processing facility, Quality assurance audits will be documented in written reports. Copies of alt calibration
forms and audit reports wiil be included in each guarterly report.
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7.0 Data validation, data processing, and reporting

7.1 Data validation and editing

This section defines the criteria and process for determining the validity of ambient air quality and
meteorological data. These criteria will be applicable to all data collected and apply to all ENSR personnel
performing these tasks. Data validation criteria are based on the USEPA Quality Assurance Handbook,
Volumes |, Il; and IV (USEPA 1994a,b, 1998, and 1995, respectively). Data validation procedures are
described in ENSR SOP 4000.

The on-site and project air quality technicians are responsible for the first phase of data validation, wherein
first-hand knowledge of instrument performance to prescribed tolerances is required to determine data
quaiity. Documentaticn of the operator's data assessment is criticat to validation. The technicians use the
criteria described in Sections 7.1.1 and 7.1.2 to the extent that such information is available. For the
proposed Basin site, responsibility for instrument performance evaluation will be shared by ENSR
operations personnel through daily interrogation and operational assessment of the data collectors via
computer telecommunications link and routine site visits. Documentation of the daily near real-time
assessment will be part of the operation control information base and will also assist in the data validation
task.

The project air quality data analyst and project QA officer are responsible for the second phase of data
validation, wherein they selectively review the field data documentation, calibration data, and operator data
assessments to ensure adherence to folerances and procedures and to provide the review essential to
quality control. All such activities are documented on standard forms and logs.

Final data validation activities are the responsibility of the program manager and the project QA officer.
These parties have the ultimate responsibility for performing the project data validation activities and sign-off
on finalized data reports.

Continuous parameters are spot checked against for accuracy determination. Gross error checks, based on
expected instrument range values, will be performed.

For data to be considered valid, it should: 1 ) be accurate and precise within prescribed limits: 2) represent
factual conditions; 3) be obtained from a calibrated, well-functioning instrument; 4) be from air sampled
without interference or obstruction; and 5) be thoroughly documented as to traceability to recognized
primary standards.

The minimum standards for acceptance of the ambient monitoring data are detailed below. Data that satisfy
the criteria below will be considered valid. Those that do not satisfy these criteria will be considered invalid.

If any of the information necessary to make the above evaluations is not available, the data shall be
considered suspect until further review, comparison, investigation, etc., shows it to be valid or invalid. If no
conclusive evidence to the contrary can be found, the data will be considered to be valid. Audit results alone
will not be the basis for declaring data invalid. ‘

7.1.1  Minimum standards for the acceptance of meteorological data

In order for data from the tower meteorological sensors and systems to be considered valid, the following
conditions must be satisfied:
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« The meteorological systems must be operated and calibrated according to applicable ENSR SOPs.

o Calibrations or tests that document systems performance within the specified tolerances must
bracket the data. These tolerances are the same as the project accuracy goals.

e There must be sufficient documentary evidence in the form of calibration/test data and field logs or
status/data assessment sheets to support the validity of the data.

e Minimum documentation needed is all calibration/test data and evidence of at least two on-site
inspections per month. ‘

7.1.2 Minimum standards for the acceptance of continuous air quality data

In order for data from continuous air quality analyzers to be considered acceptable, the following conditions
must be satisfied:

e Instruments shall be calibrated to the requirements of appropriate SOPs, which describe frequency,
protocol, and tolerances.

e The data must be bracketed by multi-point calibrations, or by at least one muiti-point and one
zero/span check, which document the system performance. These checks must show that the
analyzer was operating within the project accuracy goals.

e The in-station calibrator used to provide the calibration data will have been verified on a quarterly
basis.

» The data must be completely identified with respect to time, site, parameter, scale, and units.

« Documentary evidence of the traceability of the data must exist in sufficient detail to enable
reconstruction of instrument history. The minimum requirements are the QC approved calibration
data sheets or equivalent, and the field log and station checklists.

¢ Required minimum documentation is all cafibration/test data and evidence of at least two on-site
inspections per month.

The accuracy tolerance for validating the data collected since the last satisfactory quality control check is a
difference, or drift from frue, of 15 percent of the concentration or 15 ppb (1.5 ppm for carbon monoxide),
whichever is greater. This tolerance limit applies to zero, precision and span checks and to the average
percent difference of all the points of an "as found" multi-point calibration. Failure to meet the £15 percent
tolerance limit requires invalidation of the data back to the last calibration, zero, precision, span check or
audit which shows the analyzer operating within the tolerance limit.

7.1.3 Minimum standards for the acceptance of particulate data _
In order for data from the particulate samplers to be considered acceptable, the following conditions must be
satisfied:

e The particulate samplers must be operated and calibrated according to applicable SOPs.

e The data must be bracketed by calibrations or tests which document that the instruments are
sampling at the correct flow rate specified by the manufacturer. '

» There must be sufficient documentary evidence in the form of calibration/test data and field logs or
station checklists to support the validity of the data.

e Sampler precision must be verified by regular comparison with the collocated sampler data.
¢ The filter media must not be torn or have pinholes in the sample area.
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+ Any pieces missing from the non sample area of the filter must be available for post weighing.
¢ There must be no indication of leakage around the sealing gasket.

s The total sample time must be 1440 minutes £ 60 minutes.

¢ The sample beginning and ending times must be within 30 minutes of midnight (Locai Time).

» The sampler flow rate must not vary by more than 10 percent from the correct design flow rate.

The accuracy tolerance for validating the data collected since the last satisfactory quality control check is a
difference, or drift from true, of 15 percent (7 percent for O;) of the concentration or 15 ppb (7 ppb for O; and
1.5 ppm for carbon meonoxide), whichever is greater. This tolerance limit applies to zero, precision and span
checks and to the average percent difference of all the points of an "as found" muiti-point calibration. Failure
to meet the above percent tolerance limits requires invalidation of the data back to the last calibration, zero,
precision, span check or audit which shows the analyzer operating within the tolerance limit.

7.2 Particulate sample analyses

7.21 Gravimetric analysis

Gravimetric filter analyses will be conducted by ENSR at its Fort Collins, Colorado laboratory. Filter
processing steps and quality assurance procedures are detailed in SOP 2629-201. PMy, filters will be
equilibrated for a minimum of 24 hours before gravimetric analysis. The balance used for filter weighing will
be calibrated annually by a service contractor and whenever the balance is moved or fails daily calibration
check (tolerance + 0.5 milligram [mg]). As a quality control measure, at least five filters each day of weighing
of both clean and exposed filters will be re-weighed by a second laboratory technician. The tolerance for
clean filters is £ 2.8 mg and for exposed filters + 5.0 mg. Upon completion of the laboratory analysis the filter

'samples will be archived for a minimum of three years.

7.3 Data processing

The primary data recording medium for the meteorological and continuous air quality data will be the
Campbell near real time data acquisition systems installed at the sfations. The Campbell unit calculates
averages, formats, and temporarily stores the data in internal battery backed up memory. The primary
database will be generated from the data retrieved during daily telephone interrogation of the data logger.
As part of the daily systems check, the data from the station will be stored into a data file on PCs and the
ENSR network drives located at ENSR's Fort Collins, Colorado, office. Redundant data collection sources
will also be used in the event that any data are missing due to system or phone line failure. The backup and
supplemental data system consists of a removable data cartridge in the data logger. Data stored on this
cartridge will be included into the primary database as needed.

The following subsections provide an overview of how data handling, data reduction, data correction, and
data checking will be conducted a part of the data processing activities for the proposed Basin monitoring

_project.

7.3.1 Data handling

Field data from the Basin monitoring site will be sent by the site technician to the ENSR Fort Collins data
center approximately once a month. Data shipments include field data, field operations logs, calibration
documentation, and status assessment sheets.

Upon receipt, all project data will be logged. A complete data inventory catalog will be updated for each

shipment specifying "on" and "off" times for all filter samples, data logger output, data cartridges, and analog
records.
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Initial inspection of all data shipments will be performed to verify completeness and continuity with respect to
the previous shipment (comparison of "off" and "on" times). Daily data logger printouts will be inspected to
identify timing problems or field sensor malfunctions. The digital data or cartridges will be translated and
stored in ENSR's computer facilities immediately upon receipt from the field to verify data integrity.

Printouts of the data logger will be archived for further processing. Documentation of field operations will be
reviewed by the field operations supervisor for completeness, network performance, and compliance with
network operating procedures. All documentation will be filed for reference.

7.3.2 Data reduction

The primary source of continuous data for the monitoring project database is data retrieved during daily
telephone computer interrogation checks and subsequently translated into ENSR's computer database. The
database is complete with error diagnostic systems, editing capability, and display subsystems which allow
the user ready access and cost-effectiveness control of the database.

The primary data provided by the particulate monitors are the exposed filter media. Other data needed to
calculate the ambient particulate concentration include sampler flow charts and sampler timer data. These
data are used to determine the mass of particulate collected via gravimetric analysis of the filter media, and
to determine the volume of air sampled, which is calculated using the sampler calibration relationship, total
sample time, and average flow rate. Once the mass of particulate and the volume of air sampled are known,
the concentration of particulate matter corrected to standard conditions can be calculated.

7.3.3 Validation and editing

Project data will be evaluated and validated prior to use in report generation and analyses. Evaluation and
validation will be performed according to PSD QA requirements and ENSR SOPs (see Section 7.1).

Data evaluation tasks include:

* Review of field logs, maintenance and calibration reports, data review records, and automatic zero,
precision and span checks;

* Review of error diagnostic summaries; and

¢ Reasonability checks, verified by network comparisons and comparisons with appropriate weather
data from the stations in the region.

After periods of invalid or missing data have been identified, backup data from removable data cartridges, or
printer records, will be reduced, verified, and entered into the database. If backup data are also invalid,
missing data coedes will be inserted.

Actual editing of the database wilt be performed using ENSR's air quality database management system
and all deletions or modifications to the original database will be thoroughly documented in a logbook and
on the fistings to ensure traceability of project data. All edits will be independently verified by a second
person. A backup copy of the original, unedited digital data will be maintained along with copies of analog
data that are not edited.

Each monthly file of the validated project data will be the final database for subsequent analyses and report
generation. These project data files will be permanently archived on backup disks or magnetic tape and
maintained in duplicate for protection. in addition, field operations documentation is filed along with original
data forms for future reference.
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7.3.4 Data corrections
Under rare circumstances, data may have a known quantifiable bias and may be correcied if the tolerances
listed in MMGRMA guidance documents are not exceeded (i.e, 15 percent or 15 ppb, 1.5 ppm for CO). They
are corrected only if all of the following conditions are met:

s The bias must have a single identifiable cause;

* The bias must have a clearly defined beginning and ending time;

¢ The accuracy tolerances for continuous air quality data are not exceeded,;

* The data in question must meet the data validation criteria of Section 7.1; and

» The data must be greater than the minimum detection limit of the instrument (air quality data).

7.3.5 Data capture, precision, and accuracy
For continuous air quality and meteorological instruments, data capture is defined in the following manner:
Number of valid hourly observations

Data Capture = x 100
Number of possible hours

Equations used to calculate data precision and accuracy are summarized in ENSR SOP 2990-001.

7.4 Data reporting
Quarterly data reports will be prepared by ENSR and submitted to Basin Electric for submission to SDDENR

prior to 60 days after each sampling quarter. Contents of the quarterly data reports include:
» A brief project description;

+ - Anetwork performance summary with data recovery statistics and a discussion of significant
events;

e Tabular listing of all hourly and 24-hour data with daily and monthly summaries;
+ Digital copy of validated déta and QC data contained in the quarterly report;
« Statistical and graphical data analyses consistent with those required in 40 CFR 58 appendix A ;
* Results of the quality assurance audits; and
» Data processing information.
The quarterly report is intended to serve as an independent data reference guide. It will be a bound report
and will include a brief introduction and an appendix section containing relevant formuiae. The tabular

listings will be in the format shown in Figure 7-1 and will present hourly minimums, maximums, and
averages for all continuously monitored air quality and metecrological parameters.

A detailed annual report will be submitted to Basin Electric by ENSR within 60 days following the 12-month

program. This report will be submitted under separate cover from the fourth quarterly report. This report will
be similar in format to the quarterly data reports but summarizes the data for the entire 12-month period.
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MARCH 2002

TEMPERATURE -= DEGREES-C

ENSR *

HOURS {LET)

HR-BEG 00 01 02 03 04 05 06 07 08 0% 10 11 12 13 14 15 16 17 18 1% 20 21 22 23

HR-END 01 02 03 04 05 0e 07 08 09 10 11 12 13 14 1% 16 17 18 19 20 21 22 23 24

DAY AVG/ MAX/ MIN
1 -20.9-21.2-21.7-22.4-22.4-23.1-23.8-24.6-24.9-24.0-23.6-22.0-20.1-16,2-18.9-18.3-17.0-13.1-11.6-12.0-11.0-11.4-11.1-12.8 -18.8-11.0-24.9
2 -13.8-13.6-15.7-16.6-16.7-17.7-18.6-18.2-18.3-16.6-16.1-16.1-16.6-16.,6~-16.5-17.1-17.9-19.8-21.9-22.6-23.2-23.7-23.9-24.3 -18.4-13.6-24.3
3 -24.6-24.9-25,4-25,7-25.8-26.3-28.0~29.4-30.5~31.0-31.1-30.7-30.1-29.7-29.2~29,.2-30.0-30.5-31.0-31.4-31.9-33.0-33.3-33.9 -29.4-24.6-33.9
4 -34.4-34.4-34.4-35.2~35.8-35.1~34.5-34.6-34.4-33.6-32.9-31.4-30.8-29.7-29.0-29.2-29.0-30.1-30.7-31.4-31.6-32.4-32.9-32.7 -32.5-29.0-35.8
5 -31.8-32.4-32.4-32,0~31.2-30.8-31.5-31.0-30.2-29,5-28,7-27.4-25,8-24.4-23,2-22.6-22.5-21.3-19.8-18.8-17.0-15.1-13.1-11.3 -25.2-11.3-32.4
6 ~9.6 -9.7-10.2-10.6-10.6-11.0-11.2-11.3~11.5-11.6-11.9-12.1~12.1-11.9-12.0-12.3-12.4-12.3-12.9-13.1-12.8-12.8-12.7-12.5 -11.7 -9.6-13.1
7 -12.7-12.7-12.5-12.4-12.8-13.1-12.9-12.5-14.0-15.1-14.4-13.8-13,0-13.3-14.1~17.0-28.1-19.4-20,2-19.6-19.2-18.8-18.9-19.7 -15.4-12.4-20.2
8 -19.2-19.1-18.2-17.4-16.9-16.6-16.0-15.3-15.1-14.7~15.0~15.8~15.6-16.6-17.4-18.3-20.1-20.9-22.0-22.7-23.0-23.3~-24.8-24.8 -18.7-14.7-24.8
9 -25.4-25.1-24.5-24,7-23.8-23.1~-24.1-25.6-25.5-25.4-24.5-23.6~22.0-21.4-20.9-20.9-21.5-22.1-24.3-23.5-23.7-24.8-24.4~-24.6 ~-23.7-20.9-25.6
10 -25.4-24.7-25.5-25.5-26.8-26.4-26.1-28.1-26.,4-25.5-24.0-21.4~20.8~20.0-20.2-20.8-21.4-21.9-22.0-22.4-22.6-23.2-23.2-23.3 -23.6-20.0-28.1
11 -23.3-22.9-22.6-22.8-23.0-23.1-23,1-23.3-23,3-23.0~22.5-22.1-21.3-20.5-20.0-19.8-20.0-20.6-21.4-22.2-22.6-23.2-23.4-23.6 -22.2-19.8-23.6
12 -23.8-24.4-24.4-25.8-26.1-26.8=-27.2~27.5-27.4-27.0-26.0-27.4-26.8-26.1-25.6-26.7~-27.7-28.2-29.2-30.3-31.1-31.1-30.8~-31.1 -27.5-23.8-31.1
13 -30.7-30.2~29.2~28.6-27.9-27.3-27.0-26.7-26.6-26.4-26.1-26.1-25.9-25.6-25,3-24.7-24.6~25.1-25.2-24.7-24.6-24.3-24.0-23.9 -26.3-23.9-30.7
14 -24.4-24.8-25.1-25.4-25.4-25,0-24.7-24.5-26,2-25.8-24.4-23,5-22.6-22.0-21.8-21.9-21.9-22.3-22.7-23.4-23.8-24.0-24.2-24.6 -23.9-21.8-26.2
15 -24.2-23.8-23.9-24.2-25.2-25.2-25,4-25.5-25.7-25.2-24.1-22.9-22.1~21.4-20.7-20.2-20.5-21.1~21,9-22.9-23.3-23.7-23.0-21.9 -23,3-20.2-25.7
16 -21.6~21.5-21.2-20.7-19.8-19.9-19.4-19.4-19.9-19.7-19.3~18.6-17.3-16.3-15.8-15.3-14.9-15.0-15.6-15.8-16.5-17.1~-17.4-18.4 -18.2-14.9-21.6
17 -19.4-19.9-20.1-20.3~19.8-19.3-18.7-18.2-14.4-14.1~13.7-11.6-12.3~11.3-10.0 -9.9 -8.9 -9.9-10.6 -9.4 -9.8 -8.0 -8.3 -6.8 -13.5 -6.8-20.3
18 -7.0 -6.8 -7.7 -9.1-10.3-11.7-13.7-14.4-14.9-14.7-14.5~14.7-11.8 -9,2-10,3-10.5-10.8~-12.3-13.9-14.1-14.8-15.5-15.7-16.8 -12.3 -6.8-16.8
19 -18.2-19.0-19,3-19.9-19.7-21.5-20.9-21.3-20.3-19.1-16.3-14.1-12.1-11.3-10.6-10.4-10.3-11.1-12.3-12.9-14.7-15.8-17.1-17.4 -16.1-10.3-21.5
20 -17.7-18.2-19.2-19.6-20.1-20.6-20.2-20.8-20.0-19.7-18.9-18.2-16.7-15.9-14.7-14.4-15,2-16.1-16.9-18.0-19.2-19.5-20.2-22.2 -18.4-14.4-22.2
21 -22.2-20.7-20.7-20.1-20.1-19.8-18.0-18.0-19.2-19,.3-18.2~15,.7-13.3-11.2-10.4 -9.3 ~8.5 -8.5 -9.1 -9.6 -9.6 -9.2 -9.7 -9.2 -14.6 -8.5-22.2
22 -9.9-10.3-10.6-10.5-10.1 -9.4 -8.9 -9.1 -8.4 -8.3 -7.6 -7.2 -7.2 -6.9 -6.6 -6.2 -6.0 -6.0 -6.1 -6.3 -6.7 -6.8 -6.8 -6,9 -7.9 -6.0-10.6

23 -6.8 -6.4 -6.2 —-6.6 -7.1 -6.8 -7.1 -7.1 -7.0 -6.8 -6.6 -6.5 -6.1 -5.8 -5.7 -6.0 -6.3 -6.6 -7.1 -7.7 -8.0 -7.9 -8.1 -8.1 -6.9 -5.7 -8.1

24 -8.9 ~9,6-~10.8-12.8~13,8-14.2-14.7-14.8-14.5~13.7-12.9-12.4-12.6-11.9-11.3-10.8-10.7-11.4-11.9-11.7-11.8-12.4-13.6-14.2 -12.4 -8.9-14.8
25 -14.8-15.5-15.1~15.0-14.8-14.6-14.8-14.58-14.8-15.2-15.2 ~16.4-17.0~17.8-17.4-17.2-17.1-17.3-17.9-18.6-19.6-20.4-21.1 -16.6-14.6-21.1
26 -21.5-22.1-232.0-23.5-23.7-23,09-25,0-25.2-25,1-24.9-24.3-23.8-23.4-23.3-23.5-23.5-23.9-24.6-25.3-26.2~-27.1-27.7-28.4-29.0 -24.7-21.5-29.0
27 -29.6-30.1-30.6-31.0-31.4-31.9-32.2-32.2-31.8-31.3-30.7-30.1~29.4-28.9-28.7-28.5-28.4-28.7-30.1-31.7-33.3-33.8-34.3-34.6 -31.0~-28.4-34.6
28 -34.7-34.7-34.7-35.0-35.1-35.3-35.6-35.1-34,1-32,3-31.0-30.3-29.7-29.1-28.7-28.5-28.4-28.4-29,1-30.1-31.2-31.8-31.8-32.4 -32.0-28.4-35.6
29 -33.5-33.3-33.3-33.6~34.5-35.2-35.3-34.9-34.0-32.8-31.5-30.4-29.3-28.3-27.2-27.0-26.9-27.3-28,2-29.3-30.2-30.8-31.5-31.5 -31.2-26.9-35.3
30 -31.8-32.1-32.7-32.6-33.4-33.4-33.5-32.5-32.2-31.1-29.4-27.7-26.7-25.9-25.5~25,2-25.2-25.9-27.1-28.3-29.0-29.4-29.6-30.7 -29.6-25.2-33.53
31 -31.3-31.5-32.5-33,6-32,.4-31.9-32.8-30.2-29.3-28,.7-28.0-26.5-24.6-23.3-22.1-21.7-21.5-21.7-21.8-22.3-22.7-22.9-23.3-23.3 -26.7-21.5~33.6
AVG-21.7-21.8-22.0-22.4-22.5-22.6-22.7-22.8-22,6-22.1-21,.5-20.8~19.8~19.2~18.8-18.8-19.0-19.3-20.0-20.4-20.8-21.1-21.3-21.5 -2i.1
MAX ~6.8 -6.4 -6.2 —-6.6 -7.1 -6.8 -7.1 -7.1 -7.0 -6.8 -6.6 -6.5 -6.1 -5.8 -5.7 -€.0 -6.0 -6.0 -6.1 -6.3 -6.7 -6.8 -6.8 -6.8 -5.7
MIN-34.7-34.7-34.7-35.2-35.8-35.3-35.6-35.1-34.4-33.6-32.9-31.4-30.8-29,7-29,2-29.2-30.0-30.5-31.0~-31.7-33.3-33.6-34.3-34.6 -35.8
TOTAL HOURS = 744 NUMBER OF GOOD HOURS = 743 NUMBER OF MISSING HOURS = 1 DATA CAPTURE = 99.87 { PERCENT }
TEMPERATURE DATE
DEGREES-C (DAY, HOUR)
MONTHLY AVERAGE -21.1
MONTHLY MAXIMUM -5.7 23 15
MONTHLY MINIMUM -35.8 4 5

Figure 7-1 Example of Tabular Data Presentation Format

06018-031-100 March, 2607
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ERT

FLOW METER CALIBRATION BY WET TEST METER

Date: Technician
Facility: Calibration Gas
Test Flow Meter: ‘
’ Test Flow Meter fo be Used With the
Mig Following Instrument:
Model Mfg
Type Model
Mfg SIN Mfg SN
ERT S/N ERT S/N
Reference Instrumaent: Ret. Thermometer #
Mig
Linear Regression Data:
Model .
be
Mig SN me
ERT S/N ra
Range
Baro. | Bars | Bare Bao. | o Vapor 25 Display { Average | Actual. | Manometer
mmHg| Temp | Cor. Grav. omp. Press Voiume or Time Flow X 25.4
Cor. cu. ft Voits (X) { (sec) m 13.8

e
]

ER NN G aa
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LITHIUM CHLORIDE DEWPOINT CALIBRATION DATA SHEET

SITE: DATE: BY:
LEVEL: RANGE °F to °F
Vet Bulb °F  Dry Bulb °F
Calculated Dewpoint °F
Circuit Card O/P Vo= °F
Recorder °F Digital Data °F
cC a/p ' Recorder Digital Data
Decade - Decade .
Box A Box B Initial Final Initial Final Initial Final
Specifications see Section 4.D
Circuit Card
Initial Final
Zero
Span
Dewcell Retreated - Stabilized
Wet Bulb °F Dry Bulb °F
Calculated Dewpoint °F
Circuit Card Output V= °F
Recorder °F Digital Data °F
TEST EQUIPMENT
Recal
Psychrometer Mfg Model S/N Due
' Recal
Decade Box Mfg Model S/N Due
Recal
DMM Mfg Model S/N Due
Recal
Due

Voltage Source Mfg Model S/N



PROJECT

DATE SITE
TIPPING BUCKET TYPE
Rain Gauge
Heading Information: Initial/Final

Rain Gauge Serial Yo.

; Mft./M.N.

Translator Serial Ne.

Mftl/M.N-

Svstem Checks

1. Zero/Span Switch Test:
(+ .00l volts)

Translator Zero V{(PCB)}; ¢m (recorder)
(0.000V) .
Translator Span V(PCB); cm (recorder)
(0.999V)
2. Functional Checks
PCB Equiv, C.M. Recorder C.D.A.S.
Output = of rain Indication Indication
@ 0 Tips -
@ 99 Tips = -
Reset to zero?
3, Volume Checks
cc for 10 bucket tips (first test)
cc for 10 bucket tips (second test)
ce for 10 bucket tips (third test)
cc for 10 bucket tips (ave. of 3 above tests)
4. Heater Operational?
Instrument | Manufacturer | Model # | Serial # | Cal. Due

Test Equipment

Comments:




'l g

aoes

v

RPN

ey

- - -

EMR

WIND SPEED CALIBRATION

Network: Site: Leveti:
Sensor Manufacturer: : Modei #:

Range: 1o mph; to volts

Technicians: . Date:

NOTE: Final sanal numbers same as imitial unisss notse.

Sansor SN: INITIAL SYSTEM CHECKS
Motor Counter Waveform Transistor SN: Recordar '
Spaed ‘Indication , SNe e DAS
{RPM) {Hz) QK? I Ampiituds Voits % MPH {MPH) {MPH) |
Beuring Teat Cups Condition: Replaced?

Finail

Initiat

CIRCUIT CARD

Test Oscillator Frequency (if applicable) '

POWER SUPPLY AC Ripple
+) | T

=) |

Senser SN: FINAL SYSTEM CHECKS (Tolerance of finel syatsm esror » = 1% of full scaies
Motor Counter Waveform Transiator- SN: Recorder

Speed indication SN: DAS
!RPMQ {Hz} OK? II Amplitude Vaits 'Ir MPH (MPH) {(MPH)
iBuring Test: I l |

TEST EQUIPMENT

Instrumant Manufacturer Modet Serial Number - fecal. ODue Oate

Signatue; ac.n
1941a/83 '



ENRR

Netwark:

S ensor Manutacturer:

lange.

Sae.

WIND DIRECTION SYSTEM CALIBRATION

-]

Dagrees

Madei »-

Technicians.

LANOMARK »1

Voits

ANGLE

LANOMARX »2

Dual Fot
Senor(V)

initlal System Chacks

To Landmark &1

Transiator

Volts

Oeg

Rec (™)

From a1

To Landmark #2

From #2

Other

Initial

Clecuit Card

vilugs

Imro

Recorder

DAS

Vait

Final §
Recorder

540° (if applicadie §

Initist

__Final®

Sensor

Tranglator

{Voits}

[Sorill Numbaer

Voits

e

Ase.
(Oeg}

Sensor

Transistor

(Vaits}

Vaoits

Deg

Sensor Checks

CCW 1 Flevs. to 10*

CW 10 90°

CW to 180°

CW 10 270 [slign millmarks)

CW o 350°

CW 2 Revs. 10170°

COW to 90

Dual Pol Oaly

cCww *

1T
1
T

CCW ta 270 (slign millmarks)

Max. Torgue
vane Conditian
Pot. Switching

gm-cm

A ————

oK

Rapisced?

Replaced?

K

~gm-c

CusiPon

Sensor

-

To Landmark #3

Transiater

AL

Volts

Reci®)

From &1 “

To Landmark #2

+
1

ars—

Manutacturer

Sersal Number

——

Aecai. Due Date '

*Yo be compieted il dny repars, adjustmens of repiscemants are made.

NQTE. Final senal numbers same as imutial uniess nor




10.

Daily Log Sheet
Field Operations Activities

Site Location: NPS
Date:

mo day yr
Name:

Upon arrival, note arrival time, date, shelter min/max and current temperatures
on temperature form.

Inspect strip chart recordings and compare to dightal information (using "U* command on
terminal). Note any discrepancies on station log.

Inspect dally span/zero results from previous nights callbration; record any deviations greater
than 5 percent differentlal error. '

O o O o

a if deviation Is 5§ percent to 10 percent, initiate calibration sequence ("A" command on
terminal), allow sufficient time for readings to stabilize, then adjust span or zero on
affected Instrument.

b. it deviation Is greater than 10 percent, contact ENSR's Anchorage office for D
technician visit. :

Perform precision checks on two week Interval, using data acquired from most recent nightly D
span/zero callbration forms supplled. (If differentlal error exceeds § percent, see No. 3 above.

Check flow rates (positive indication on TECO 43 and TECO 14 B/E rotameters), reguiated D
and tank pressures on calibration tanks, internal tamperatures on TECO 43 and 14 B/E for
normal operation, and condition of desiccant cartridges. Replace desiccant ¥ necessary.

Record any pertinent weather observations on station log.

Collect sheiter tamperature forms, fleld station logs, ENSR dally log sheet, hardcopy
records, and data cartridges and mall to ENSR once each week, on Monday.

Change Hi-Vol PM-10 filters and record pertinent data on filter jacket every sixth day.

Check condition of intake manifold filter cartridges. Change every two weeks as needed.

OO0 0O 0

Collect particulate fiters and analog strip charts and mall to ENSR Anchorage office
every 2 weeks.



10.

1.

Daily Log Sheet
Fleld Operations Actlvities
Site Location: Airstrip
Date: '
mo day yr
Name:

Inspect operation of Acoustic Radar system and remove snow and other debris from
antenna dish.

Inspect operation of heater In precipitation measuring system (tipping bucket) and ensure
free operation of buckst mechanism.

Annctats all strip charis with time, date, and Initials, ensuring that time indicated
on chart is in agreement with time indicated on Odessa datalogger. -

Perform pH analysis of rainwater (or snow) for amounts greater than .10 inch
in last 24 hours.

Check display on phone modem. ‘

a. Ensure that power is on, by observing that the LEDs labeled "MR® (modem ready)

. and "TR" {terminal ready) are llluminated. '

' (Note that other LEDs may also be lluminated.)

b. Ensure that the 28 pin connector and cable from the Odessa datalogger Is attached
to the receptacle at the rear of the modem.

c. Ensure that the telephone cable and connector (RJ-11) is attached to the proper
("Wall* or “Line") receptacle at rear of medem.

Record any pertinent data and weather conditions on station log.

Callect all strip charts, acoustic radar chart, and pH log forms and forward to
ENSR Anchorage every 2 weeks, by mail on Monday.

Collect all station log forms, daily log forms, sheiter temperature log forms, and
data cartridges and iorward to ENSR Anchorage every week by mail.

Log current, minimum, and maximum shelter temps each day on station temperature form.
Inspect the operaticnal characteristics of each sensor.

Determine the normalcy of the data acquired via strip charts and hardcopy printout since
last visit.




Network: _

WIND DIRECTION SYSTEM CALIBRATION

Site:

Sensor Manufacturer:

Modei ¥:

Rangs:

10

Degrees =

Volts

Oaste:

Technicians:

LANDMARK #1

ANGLE

LANDMARK #2

ANGLE

To Landmark #1

Duail Pot

Transistor

Sensor (V} Volts

Rec (%

From M1

To Landmark ¥#2

From #2

Clreuit Card

et i gl

initial Systom Checks

Zere

Voitage

DAS Vi

Recorder DAS

Span

540" (if applicable)

-

JL.

Sensor

{Voirs)

Serial Number

({Deg)

Transiator
Volts

CCW 2 Revs. to 10

CW to 90°

CWto 180

CW to 270" (sligh milimarks}

CW to 350°

i CW 2 Revs. 10 170

CCW 1o 90°

CCW o 0*

]
]

CCW 10 270 (align millmarks)

T cow o 1900

Max. Torque
Vane Condition
Pot. Switching

F——

‘

gm-cm

oK

Repiaced?

oK

Asplaced? ______ .

Duai Pot

Transiator

Sensor (V) Voits

Rect*) DAS

From #1

‘3 To Landmark #1

To Landmark #2

:

From #2

Recail. Due Date

——

*To be completed if any repairs. adjustmaents or repiacements are made.

Sianature:

Q.C. Review:

NOTE: Finat sensl numbers same as initial uniess noted.




il et

NO,/03 - GPT or O3 - UV Photometer

Oate
Network Site instrument Type
Calibrator: Type SIN Last Cal Date NO Cyi. No. “Coucm
DVM: Mig and Model S/N Last
Cylinder N Convester Efficiency
init: Zaro Pol Span Pot ——— o 02 % C.E. = [no.-NO..m-NOzmid.] x 100 = % (2= 96%)
Final:Zero Pot Spen Pot ™~ NOgiig ~ NOrem
Flaw Flow 03 loput | NO, Anstyaer Respors | NOpiO3 | NOZ/O3 Ansiveer Reacos ooy
Setting icc/min) Setiing NO, (GPT only) Input o [ 10%!
PPM
IGPT oniy) | (GPT oniy) (PPMI NO NO, PP T Unadusted Adjusted .
Gas | DX, | Gas | DM, (GPTonly) | tv/PPM) | (v/PPM) | ANOIGPT) I'yippy Jase] vippm | viepM
in-Station Calibsator S/N Avg. A% =
In-Station Calibrator Verification:
Reference Calibrator in-Siation Calibrator wnwe% = [9—6-9 x 100
Analyzer Response | Analyzer Response
Concen-
wration Flow Flow
(PPM) Setting Voits |PPM {D)"] Setting Voits IPPM (01°] A%* { =10%) Signature:
o <
Q.C. Review
Accepted O Rejected O Page 1 0f 2
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P i - B Lot i e W B

m GAS DILUTION/PERMEATION TUBE
Network Ske lnstrument Typs , 8/N Dets
Calibvator: Tyoe S/N Last Cal Dats Gas. Cvl. No. — . Perm. Tube No.
DVM: Mig and Model S/N Last Cal Dste
inlt: Zero Pot Spen Pot .P.lﬂ.Tm. | Gas Cylinder Con. = Ppm
Finsl: Zero Pot Span Pot Des. = °C,Obs.=______°C{Porm.Rate=_______ug/min.at.__._____°C
Flow Setting Flow (cc/min.) nput Unacljusted Readings Adjusied Readings Adjusted Resdings
DA or (Obe) {Obs) (Obe)
. Di.or | PPMp Final
“OITmn ) Gas Total Gas (D) V. . : .
- tfor Perm.) o PPMy 1| V PPM,, v PPMg A%
| ©-1ov} 0 | (0)* (1] | & 10%)
n-Station Calibretor S/N
n-Station Calibrator Yerification: Avg. A% ~
Reference Calibrator In-Statlon Calibrator 0wy = [0—3-9] % 100
Concen- Analyzer Respones Analyzer Respunee
(PPMiI | Setting | voits [pPm (D) Seting | volts IrPM 10)*] a%n® { £10%) Signature;
Q.C. Review
Accepted [0 Rejected 0 Page 1 of 2
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ENR | Corporate Statement
ENSR Coneltng and Enghsarng of Quality Policy
| and Organization

PHILOSOPHY AND POLICY

ENSR's quality policy Is basaed on a definition of quality as conformance to requirements; and further, on the pramise
that the requirements are govermned by client objectives as well as corporate policies and standard operating
procedures.,

ENSR Is committed to the philosophy that productivity, profitability and client satisfaction resuit from quality
achisvement, and that optimum quality is best achleved through preventive rather than curative measures. Quality
performance requires consensus between ENSR and its client with regard to the requirements of each project and
design of project strategles based on those requirements. Therefore, ENSR's quality program Is a cyclical process
based on these threa steps:

1) Develcpment of project plans, representing agreement between ENSR and lts client, that define

‘ project-gpecific requirements and the organization and procedures established to meet those
requirements;

2) Quality Assassment through a program of project reviews, senlor review, client feedback, audits,
and quality control activities to ensure that each project is meeting its requirements; :

3) Perlodic re-evaluation and updating of project plans and procedures to ensure compatibility with

changing project requirements and conditions, and to impreve Quality whenever possible.

ENSR's policy Is that the primary responsibility for Improving quality in operation, production, data collection,
processing and analysis, documentation, and report writing remains with the personnel performing the work. They
shall perform their work in accordance with client requirements, project plans, standards of their profession, accepted
quality practices, and applicable regulations. In the absence of specific guldelinas, they will follow best sclentific or
technical judgement.

ENSR's quallty program shall be based upon the applicable guidelines of the International Organization for
Standardization (ISO), the American Soclety for Testing and Materials (ASTM), American National Standards Institute
(ANSI), and the Environmental Protection Agency (EPA).

QUALITY PROGRAM ORGANIZATION

The Prasident of ENSR Consulting and Engineering s responsible for fulfilling ENSR Consulting and Engineering's
Corpaorate commitment to assure its clients of quality products and services. The President Is aided by a Dirsctor of
Quality Programs.

The Regional Vice Prasidents and Client Service Center (CSC) Managers are responsible for the overall praparation
and implementation of quality programs for the disciplines and service lines within thelr crganizations, and for
conducting pariodic project reviews to assess project parformance and achlevement of cliant requirements.

Resource and Project Managers are responsible for preparation and day-to-day implementation of quality procedures
applicable to their work. :

The Regional Vice Presidents, CSC Managers and the Resource/Project Managers may appoint Quality Program
Coordinaters to help them I‘u|ﬂll their quality responsibilities.

The responsibilities of the Director of Quality Programs are to:
1) provide overall directicn to and coordination of ENSR Quality Programs

2) render advice and comment to both Corporate and operational management required to maintain
and effect the Corporate Quality Policy and Programs;

3) maintain and distribute quality program dacumentation such as Quality Palicy Statements, Quality
Program Manuals, and non-project-specific Standard Operating Procedures;

Page 1 0f2
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5)
6)
7

asgist and guide the efforts of those assigned quality program responsibilities on projects and for
specilic technical disciplines or sarvice linas;

solicit, summarize, and report quality assessmants provided by ENSR clients;
conduct or supervise periodic reviews of project-specific and discipline-specific Quality Programs;

advise line and project managers and Quality Program assignees of deficiencles in Quality Programs
or performance therato.

The responsibilities of the project managers (or thelr dasignees), for their particular projects, are to:

1)
2)
)]

4
5)

understand the client's requiremants and ensure that the project team understands them;

generate and distribute project plans, manuals and/or standard procedures to define the project
requirements and the procedures by which they will be achieved, and to establish project-spaciiic
quality criteria; )

conduct project reviews and Inspactions to manitor performance and correct conditions that might
intarfere with achlevemaent of prolgct requirements;

review and update project plans as necessary to adjust to changing project requirements;

mairitain hard-copy and elecironic project records to ensure that alf project plans, work products, and
supporting documentation are retrievable and accessible by ENSR Management.

The responsibilities of resource managers (or their designees), for the resources they manage, are 10:

1)
2

3)

SIGNATURE

Indoctrinate personnel in the ENSH Quality Palicies and Procedures;

conduct performance appraisals annually and include agsessmant of each parson's attentiveness to
Quality and compliance with project plans and procedures as well as ENSR Quality Policies and
Procedures;

continually review service line strategy and delivery systems to ensure that they are adjusting
effectively to changing cllent requirerents.

ACCEPTANCE SIGNATURES -
TITLE ' DATE

Sabotk & Wb 8/27/99

Robert C. Weber President ‘
Ao B 9/3/98

Michael Beck

Senior Vice President, Eastem Region
6/28/99

Robert Rittmever Senior Vice President, Central Ragion

6“*— ’é& 6/28/29

Tom Hippe

Vice President, Southem Reglon

“Bopect &m§ 8/26/99

Robert Sanz

Vice President, Westarn Reglon

Dzt

Allan Foster

Vice Prasident, Northwester Region
‘ 9/3/99

Scott M. Whittemore Diractor, Quality Programs

Page 2012
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SOP NUMBER: 2400

Traceability of Standards for Date: - 4" Qtr, 2006
Ambient Monitoring Revision Number: 3

Author: Vincent Scheetz

Discipline: Air Measurements

-y IR S .

1.0

2.0

3.0

PURPOSE AND APPLICABILITY

11

1.2

This Standard Operating Procedure (SOP} presents the standard methods of
establishing traceability for calibrations of field sampling, measurement and
monitoring instrumentation to National Institute of Standards and Technology (NIST)
or other recognized standards. It applies to calibrations throughout ENSR in all of its
ambient air quality and air emissions measurements programs.

Traceability is defined as the documentation that provides a historical record of the
relationship of a parameter such as gas concentrations, volume, or temperature to a
recognized authoritative standard, as measured by an approved methed.

RESPONSIBILITIES

2.1

2.2

2.3

24

It is the responsibility of the individual performing the calibration and/or making the
field measurements to do so in accordance with the project-specific Quality
Assurance Plan (QAPP), relevant ENSR Standard Operating Procedures, and
instrument manufacturers' documentation.

It is also the responsibility of the practitioner to document the calibration.

It is the responsibility of the project manager or designee to ensure that all necessary
equipment is available and properly certified.

It is the responsibility of the project manager or designee to ensure that all applicable
documentation is reviewed for accuracy and completeness and is reviewed in a
timely manner so as to avoid needless loss of data should an error be discovered.

REQUIRED MATERIALS

Materials specific to the standards at hand are defined in the relevant ENSR monitoring or
QA plan, and/or in the manufacturer's documentation. Examples of fundamental calibration
standards are listed below.

Bubble Flow Meter (Hastings HBM-1 or equivalent) (gas volume, flow rate)
Sealed Piston '
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40 METHOD

Spirometer (Collins or equivalent) (gas volume, flow rate)

Wet Test Meter (gas volume, flow rate)

Mass Flow Meter (flow rate)

Ozone Primary Standard (V.V. Photometer) (ozone concentration)
NiST-traceable Thermometer (in applicable ranges) (temperature)
NIST-traceable variable voltage supply (voltage)

41 Gas Cylinders

41.1

4.1.2

4.1.3

41.4

41.5

All gas cylinders used for calibrations or span checks of air monitors should
be purchased traceable to NIST by an appropriate accepted procedure.

For continuous ambient and emission monitoring programs, the certification
should be in accordance with Protocol G1 or G2 as specified in "EPA
Traceability Protocol for Assay and Certification of Gaseous Calibration
Standards", EPA-600/R93/224, September 1993.

i enough gas remains in the cylinder following the expiration of the

certification, the cylinder should be shipped back to the manufacturer for
recertification.

The manufacturer's tag shall remain attached to the cylinder. The
information contained on the tag includes manufacturer, cylinder serial
number, the protocol used for assay, identification of the Standard
Reference Material (SRM) or NTIS Traceable Reference Material (NTRM)
against which the concentration has been certified, tank pressure at
certification, cylinder concentration, certification date and expiration date
(see Table 1).

When the cylinder is received, the gas analysis report which accompanies
the cylinder (or follows shortly thereafter by mail) should be retained in the
project files. This report includes the same information as the cylinder tag,
along with the actual data generated during the current analyses and any
previous analyses.

Large gas cylinders (30 - 200 cubic feet) are to be used only when the tank
pressure is >200 psi. Cylinders should be returned to the manufacturer for
recertification if they contain greater than 750 psi. Similar considerations
apply to smaller cylinders, and one detailed in the ENSR monitoring or QA
plan and/or in the manufacturer's documentation.
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4.2

4.3

Ozone Generators and Ozone Analyzer Calibration

4.21

4.2.2

4.2.3

4.2.4

4.25

Ozone concentrations are elevation-dependent and must be corrected for
changes in elevation from the calibration location, if different from the
monitoring site, by either 1) internal monitoring of bench temperature and
pressure and corresponding adjustment of concentrations within the
analyzer or, for analyzers without the ability to perform these internal
adjustments, 2) manual temperature and pressure calculation and
corresponding adjustments of ozone concentration as follows:

Corrected Os; conc = (uncorrected O3 conc (P.a/Psie ) Tsite/ Teal)

Each ENSR laboratory performing ozone verification will maintain or have
access to a reference ozone standard. The unit will be set up and
maintained as a primary standard according to the methed detailed in

40 CFR Part 50 Appendix D, and ENSR SOP 2405.

‘Ozone generators used as a transfer standard for calibration or audit will be

qualified, certified and recertified by direct comparison of the primary and
reference photometers two days each quarter following the procedures
detailed in EPA Technical Assistance Document EPA-600/4-79-056 entitled
Transfer Standards for Calibration of Air Monitoring Analyzers for Ozone.

Ozone generators which are part of Gas Phase Titration Calibrators must
be certified as above if they are to be used to calibrate ozone analyzers.

An instation O; calibrator such as an internal generator (TECO 49, Dasibi
1003) or the Monitor Labs 8500 may be used as a span tracking device
only and not for calibration of analyzers.

Flow Standards

All flow meters, flow controllers, dry gas meters, orifices, and rotameters that are
used for calibrations or calibration checks shall be calibrated on a quarterly basis,
unless project requirements call for more frequent calibrations. Meter boxes such as
those used in emissions testing should be calibrated according to the method
indicated in paragraph 5.3.1 of 40 CFR 60 Appendix A Method 5. Type S pitot tubes
used for determining stack velocity in source testing should be calibrated according
to the procedure outlined in Section 4 of 40 CFR 60 Appendix A Method 4.

4.31

Flow measurement devices shall be calibrated using one or any
combination of the following primary or transfer standards:
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4.3.2

4.3.3

4.4 Time

Sealed piston flow meter (volume)

Bubble meter (volume}

Spirometer (volume)

Wet test meter (volume)

Mass flow meter calibrated to any of the above.

Single-point flow standards (e.g., critical orifice) require calibration at the
specific flowrate for which they are to be used as a standard, and are not
valid at any other flowrate. Standards that are to serve over a range of
flowrates must undergo multipoint calibration.

Multi-point flow calibrations will be performed using at least 3 calibration

points. If the calibration is a straight line, 3 points may be adequate. Non-
linear calibrations must employ as many points as necessary to obtain a
smooth curve. The calibration data should encompass the range over
which the flow device will be used. ENSR SOP 2580-001 Flowmeter
Calibration may be used as a guide.

Spirometers and wet test meters will be recertified at least annually.

Personal sampling pumps and other flow-regulated sampling devices
should be calibrated using bubble meters, calibrated orifices (see Section
4.8.1), or other similar devices before and after each use.

Stop watches used for calibration should be checked at least semi-annually against

the time signals emitted by WWV (shortwave radic broadcasts of NIST time signals).

4.5 Temperature

4.5.1

4.5.2

4.5.3

Thermometers, thermocouples, and other temperature measuring devices
will be calibrated traceable to NIST by direct comparison with either an
NIST thermometer, or a transfer standard such as electronic transducer
thermometer or mercury in glass thermometer.

The precision of the reference standard must be at least twice that of the
unit under test (UUT).

Mercury thermometers retain their original calibration unless the mercury
separates. This condition requires a new calibration.

4.6 Pressure

Anaeroid barometers, or equivalent, are calibrated annually by the manufacturer.
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5.1

Electronic Test Equipment

Digital voltmeters and all other electronic test equipment should be
calibrated annually by comparison to an NIST-traceable variable voltage

supply.

The vendor should submit, with each calibration, full traceability
documentation including standards and methods used, and "as found" and
"as left" readings. Vendor documentation should be filed in the project file.

Hi-Volume Calibrators

~— SOP NUMBER: 2400
4.7

4.71

4.7.2
4.8

4.8.1

4.8.2
4.9

Orifices will be calibrated against a positive displacement meter no less
than annually, and whenever nicks or dents at the orifice are visible.
Copies of orifice calibration documents will be kept with the orifice, and
originals will be filed in the project file.

Magnehelic gauges are considered part of a HI-VOL sampling system and
do not have a stand-alone calibration. They are, however, calibrated by the
manufacturer and guaranteed to be accurate to V2% of full scale. They are
not interchangeable.

Portable Gas Dilution Calibrators

4.9.1

4.9.2

4.9.3

Portable gas dilution calibrators shall be calibrated once each quarter in
accordance with ENSR SOP 2580-001. In addition, the calibrator must
have at least a one-point dynamic check performed for one pollutant test
atmosphere prior to field use. The purpose of this check is to verify proper
system operation. '

Analyzer responses to inputs from the laboratory standard system and the
test portable calibrator should agree within ¥3%.

If the responses to not agree, the reason for the discrepancy must be
identified and rectified before the calibrator may be released for field use.

5.0 PORTABLE DEVICES

Portable air measurement devices such as handheld Photoionization Detectors
(PIDs) or Flame lonization Detectors (FIDs) and field gas chromatographs should be
calibrated in the field prior to use, and periodically during use, employing calibration
standards appropriate for the gases or vapors to be detected.
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5.2

5.3

Field Calibration may be accomplished using appropriate gaseous standards in
compressed gas cylinders. Standards may also be prepared by injecting neat
solutions into evacuated Tedlar bags and filling the bags with a known volume of
analyte-free air.

Portable particulate monitors may by checked for baseline through the installation of
a particulate filter on the sample iniet. Calibration may be checked against an
internal optical or electronic span device. Dynamic calibration of these sensors must
be accomplished by the vendor or in a controlled environment (wind tunnel).

6.0 QUALITY CONTROL

Completed calibration data sheets are subject to senior review in accordance with ENSR's
senior review policy. Calculations, standard conditions, correction factors, project
identification, and other data will be reviewed for accuracy, completeness and conformance
to ENSR SOP and the project-specific QAPP.

7.0 DOCUMENTATION

Complete calibration traceability records shall be retained in the project file.

8.0 REFERENCES

40 CFR 58, Appendix A, Quality Assurance Requirements for Prevention of
Significant Deterioration.

40 CFR Part 60, Appendix A, Test Methods.

40 CFR Part 50, Appendix D.

Quality Assurance Handbook for Air Pollution Measurement Systems; (all volumes).
EPA Traceability Protocol for Assay and Certification of Gaseous Calibration
Standards, EPA-600/R93/224, September 1993.

EPA Technical Assistance Document EPA-600/4-79-056 entitled Transfer Standards
for Calibration of Air Monitoring Analyzers for Ozone.
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TABLE 1

NBS STANDARD REFERENCE MATERIALS (SRM)

Permeation Tubes

Nominal Perm. Rate

SRM Type (ng/m®) at 25°FC
1625 | Sulfur Dioxide (10 cm) 2.8

1626 | Sulfur Dioxide (5 cm) 1.4

1627 | Sulfur Dioxide {2 cm) 0.56
1628 | Nitrogen Dioxide - (0.56-1.5)

Cylinder Gases

SRM Type Volume | Nominal Value
1683 | Nitric Oxide in N, 870 | 50 ppm

1684 | Nitric Oxide in N, 870 I, 100 ppm

1685 | Nitric Oxide in N, 8701 250 ppm

2613 | Carbon Monoxide in Air 8701 18 ppm

2614 | Carbon Monoxide in Air 870 1. 42 ppm

1659 | Methane in Air 8701. CH., 9.5 ppm
1666 | Propane in Air 870 1. CiHg, 9.5 ppm
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—| SOP NUMBER: 2600
Ambient Monitoring Field Date: 3" Qtr. 2006
Calibration Control Plan Revision Number: 4
Author: Vincent Scheetz
Discipline: Air Measurements
1.0 PURPOSE AND APPLICABILITY
. This Standard Operating Procedure (SOP) describes the overall calibration control

strategy to be utilized in ENSR ambient air pollutant measurement programs.

. The appropriate project-specific ENSR SOPs should be referred to for detailed
instructions on the activities defined in this document.

. The purpose of this procedure is to ensure that the output of the field measurement
process conforms to accurate standards and is traceable to NIST Standard
Reference Material (SRM) or equivalent.

2.0 RESPONSIBILITIES
21 The field technician shall:
¢ be aware of and report to his supervisor circumstances that require calibration
(see Section 4.6) and
¢ perform field calibrations and calibration checks in accordance with this and any
referenced ENSR SOPs and the Quality Assurance Project Plan (QAPP).
2.2 The project manager (or designee) shall:
e ensure the availability of proper calibration equipment and the prompt calibration
of all analyzers requiring calibration;
¢ review in a timely manner all calibration data including transfer standards, to
detect any circumstances, actions, or lack of actions that are at variance with this
SOP and supporting ENSR SOPs, or that may have resulted in an unacceptable
calibration; and to accept or reject the data based upon such findings; and
» ensure that rejected calibrations are redone promptly, and forward accepted
calibration documentation to the appropriate personnel.
3.0 REQUIRED MATERIALS
* Appropriate calibration data sheets
e Appropriate calibration transfer standards
 Calculator and/or computer
Refer to the project-specific ENSR SOPs for required materials.
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4.0 METHOD

4.11

4.1.2

413

414

4.21

4.2.2

423

[ 4.2.4

4.1 Calibrators

Span checks may be performed using an in-station or reference calibrator.

Calibration, Level 1 span checks and precision checks may be performed
only with an NIST-traceable reference calibrator that has been calibrated
within the past three months and a single component gas cylinder which
has had its concentration certified within the previous 18 months.

Audits are to be performed with an independent audit calibrator, that is a
calibrator which has not been used in the routine operation of the network.

Prior to use of a reference calibrator verify that the calibrator:

is drawing dilution air from outside the shelter,

is sufficiently warmed up,

is properly certified with complete documentation
preventive maintenance (leak check) has been performed.

4.2  Manual zero/span checks with in-station calibrator

"DOWN" the appropriate channels of the data acquisition system (DAS) to
exclude the check from the valid ambient data base. Be sure to "UP" the
channels to resume collection following the procedure.

Manually activate zero/span mode and observe stable analyzer responses
to zero and span gas.

Compare observations with recent automatic zero/span results to verify
consistency. Should the analyzer response to either the zero or span
challenge be outside the tolerance limits (1% full scale and 5%
respectively), verify the input concentration and use the reference calibrator
to confirm the results. If the responses of the analyzer to the reference
calibrator zero and span chatlenges are the same, then the analyzer must
be adjusted. If the analyzer is subsequently found to be operating within
prescribed system tolerances using the reference calibrator, then the in-
station calibrator must be adjusted. The in-station calibrator should be
adjusted in the span mode.

Refer to Table 1 for corrective action. Both the current span results and the
trends observed during the past week or two should be considered.
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4.3

4.4

Precision Checks

4.3.1

4.3.2

4.3.3

4.34

4.3.5

4.3.6

43.7

4.4.1

4.4.2

"DOWN" the appropriate channels of the data acquisition system (DAS) to
exclude the check from the valid ambient data base. Be sure to "UP" the
channels to resume collection following the procedure.

Precision checks must be performed at a minimum frequency of once
every two weeks. Ideally they are performed in conjunction with but prior to
Dynamic Zero and Level 1 span checks. A reference calibrator must be
used to perform a precision check.

Zero checks are performed with a reference calibrator during each site visit.

. If the analyzer response to zero air is within the zero tolerance limits
(1% of full scale) adjustment to designated zero response can be
performed as necessary.

. if analyzer response is not within the zero tolerance limits (+1% full
scale), troubleshoot to determine an assignable cause for the
difference before adjusting. Possible sources of zero air
contamination such as filters and/or scrubbers should be checked
before analyzer zero is adjusted. When the zero response is within
the tolerance limits, adjustment is considered complete.

Test gas must pass through all tubing, filters, scrubbers, etc. employed
during normal sampling.

Input concentration is 0.08-0.10 ppm (8-10 ppm for CO).

Detailed instructions for methods and documentation are found in ENSR
SOP 2600-001, Precision and Level One Span Checks.

A% between input concentration and analyzer response is the precision
statistic required. If the precision check is rerun after a zero or span

~ adjustment, the original A% (prior to adjustment) is the result that must be

utilized to calculate the quarterly statistics for the site,

- Dynamic Zero Checks (with a reference calibrator)

"DOWN?" the appropriate channels of the data acquisition system (DAS) to
exclude the check from the valid ambient data base. Be sure to "UP" the
channels to resume collection foliowing the procedure.

Zero checks are performed with a reference calibrator during each site visit.
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443

4.5 Level 1 Span Checks

451

4.5.2

4.5.3

454

4.5.5

.4.5.6

4.6 Multipoint Calibration

A Multipoint Calibration is required:

- should be adjusted on the basis of analyzer performance as indicated by

) If the analyzer response to zero air is within the zero tolerance limits

(£1% of full scale), adjustment to designated zero response can be
performed as necessary.

. If analyzer response is not within the zero tolerance limits (+1% full
scale), troubleshoot to determine an assignable cause for the
difference before adjusting. Possible sources of zero air
contamination such as filters and/or scrubbers should be checked
before analyzer zero is adjusted. When the zero response is within
the tolerance limits, adjustment is considered complete.

The site zero/span tracking mechanism should be activated each time a
zero and Level 1 span check is performed and the results should be
compared. Any discrepancy between the site standard and the reference
calibrator shouid be investigated and corrected.

Perform Level 1 span checks at least once every two weeks. Frequency

controk charts, but must be a minimum of every two weeks.

The Level 1 input concentration should be 70-90% of analyzer full scale.
The check must be performed using a reference calibrator.

*"DOWN" the appropriate channels' of the data acquisition system (DAS) to
exclude the check from the valid ambient data base. Be sure to "UP" the
channels to resume collection following the procedure.

All Levet 1 span and precision checks must be documented on the
appropriate calibration data sheet. See ENSR SOP 2600-001, Precision
and Level 1 Span Checks, for detailed instructions on methods and
documentation. ‘

Test gas must pass through all tubing, filters, scrubbers, etc. employed
during normal sampiing.

Compute A% between analyzer response and input concentration (see
Section 4.7.5). The analyzer must respond within +5.0%. Refer to Table 1
for corrective action. If the analyzer is adjusted, record new analyzer
reading, new A% and initial and final span pot setting on the data sheet.
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e upon installation of an analyzer in a field station;

e after repair of a malfunctioning analyzer;

» after replacement of major components of an analyzer; 7

¢ prior to removal of an analyzer from a field station, if it is still functioning;

* when A% >+10% in an Automatic Span and subsequent Level 1 span check;

¢ when A% >+10% in an audit

¢ at a maximum interval of 3 months (a performance audit can be used to meet this

requirement); and/or

¢ when directed by an appropriate supervisor.

4.6.1 Input concentrations for multipoint calibrations are as follows:

(Ppm) CO (ppm}

0.000 0.000

0.030...0.080 3.0-8.0
0.150...0.200 15.0-20.0
0.350...0.450 35.0-45.0
0.800...0.900" 80.0-90.0**

*If analyzer is operating in 0-1.0 ppm range
““If analyzer is operating in 0-100 ppm range

~ A multipoint calibration must always leave the analyzer operating within
+5.0% of the reference calibrator at ail concentrations.

4.6.2 Refer to the appropriate project-specific ENSR SOP(s) for detailed
multipoint calibration procedures.

4.6.3  Verification of the internal zero/span mechanism is required whenever a
multipoint calibration is performed.

4.7  Tolerance limits for accuracy for continuous analyzers.

4.7.1 The maximum allowable deviation of analyzer response from input
concentration is +15%. When analyzer response to calibration gas at any
single point in a calibration check falls outside this limit, the data collected
back to the last documented multipoint calibration is designated as suspect.

4.7.2 The minimum adjustable deviation is +5%.

When analyzer responses during a calibration check fall within this limit, the
analyzer should not be adjusted.

4.7.3  The maximum deviation for which a single-point calibration is adequate is
+10%. When analyzer responses fall outside this limit in a Level 1 span
check, a multipoint calibration must be performed.
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4.7.4

4,75

A%

Adjustment should always leave the analyzer within +5% at all points
checked.

The deviation of analyzer output from input concentration is determined as
follows:

(concentration),,, — (concentration);qo,,

' x100 .
(concentration ;o

» Average the percentage difference for all of the concentrations.

* Note: It is essential that correct signs (plus or minus) be retained during
calculation of average percentage difference.

+ Compare the percentage difference at each point with the average
percentage difference. If the percentage difference at any individual
point differs from the average percentage difference by more than 5
percentage points, run the point again. If, on this second run, the point
falls within 5 percentage points of the average, accept it and recompute
the average. If not, troubleshoot to determine an assignable cause for
the difference.

4.8 Data Acquisition System (DAS)

4.8.1

4.8.2

4.8.3

4.84

System responses to calibration and calibration check inputs should be
retrieved from the DAS. As such, the proper operation of the DAS is
verified and documented each time a calibration or check is performed.

Following the stabilization of analyzer response to calibration input, five
minute average readings should be observed until two successive
responses agree within two or three ppb of each other. This response
should be recorded on the calibration form and used to compute percent
difference as well as noted on the strip chart recorder.

Instantaneous DAS voltage responses to calibration inputs should be
compared to analyzer analog output as observed with a calibrated digital
voltmeter to verify agreement between analyzer output and the value
reported by the DAS. The DAS should agree within +0.002 volts.

If the DAS responds outside this tolerance, an NIST-traceable variable 0-10
volt voltage source should be used to challenge each channel of the DAS
using one volt increments. The DAS A/D converters are then to be
adjusted as necessary to agree with the designated input within +0.002
volts.
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4.9

4.10

4.8.5

Voltage inputs and DAS responses as well as test equipment serial
numbers and calibration dates should be recorded in the field station Iog A
calibration seal should be placed on the DAS.

Strip Chart Recorders

4.9.1

4.9.2

493

49.4

4.9.5

Strip chart recorders are to be calibrated at the same time as their
associated analyzer(s).

DAS responses to calibration or calibration check inputs are to be noted on
the strip chart recorder. The notations on the strip chart recorder should
explain each significant deflection of the recorder pen, the reason for as
well as the beginning and ending times of the period during which the
anatyzer was not sampling ambient air. The technician performing the
procedure should also initial the strip chart recorder along with employee
number.

A column on the calibration or calibration check data sheet should be
labeled "strip chart recorder” and strip chart readings should be expressed
as percent full scale and recorded in this column. Note any recorder zero
offset.

Following stabilization of analyzer response to calibration input, strip chart
recorder readings plus or minus any recorder zero offsets must agree with
DAS readings within £1.0%. If the strip chart responds outside this
tolerance, an NiST-traceable variable 0-10 volt voltage source should be
used to challenge the recorder using one voit increments. The strip chart
recorder is then to be adjusted as necessary to within £1.0%.

Voltage inputs and recorder responses as well as test equipment serial
numbers and calibration dates should be recorded in the field station log. A
calibration seal should be placed on the strip chart recorder.

High Volume Sampler Calibration

4.10.1

High Volume samplers are to be multipoint calibrated:

Upon installation

every three months

following brush or motor change

following leak repair

following an audit or cal check with results + 7.0%
prior to take down.
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4.11

4.12

4.10.2 High volume samplers are to be calibrated with an NIST-traceable orifice,
either variable or used in conjunction with a set of resistance plates. The
orifice must be calibrated for the range at which it is to be used (typically
30 - 60 scfm) except for VFC HI-VOLS and must have been calibrated
within the previous twelve months.

4.10.3 Calibration is to be performed in accordance with the Quality Assurance
Handbook for Air Pollution Measurement Systems: Volume Il Ambient Air
Specific Methods Section 2.11.2.

High Volume Sampler Calibration Checks

4.11.1 For HI-Vols without a flow controller, a one point calibration check is to be
performed:

Monthly .

Prior to brush change or motor change

Prior to removal ‘

When two successive filters fail the initial flow criterion of 40-60 acim
Whenever HI-VOL operation is suspect (noises, etc.)

4.11.2 The one point check is to be performed using the orifice and 13 hole
resistance plate (no manometer is required). If the orifice is variable
resistance, perform the check with the orifice adjusted to its lowest
resistance (highest flow rate).

4.11.3 Calculate the A% between the new magnehelic gauge reading and the
corresponding original multipoint calibration reading. If the A% is >+7.0%,
" investigate the cause and repair and recalibrate as necessary.

HI-VOLS with MFC or VFC Flow Controllers

4.12.1 For HI-VOLS with a MFC or VFC flow controller, a one point calibration
check is to be performed:

Weekly

Prior to brush change or motor change

Prior to removal

Whenever HI-VOL operation is suspect (noises, etc.)

e o & o

4,12.2 For the weekly check, use a blank filter (no orifice is required).

4.12.3 Verify that the manometer and magnehelic gauge or flow recorder reading
is +7.0% of the set point. Should the check be observed to be outside this
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4.13

4.12.4

tolerance, troubleshoot the sampler and recalibrate or reset the flow
controller as necessary.

For HI-VOLS with size selective heads, the flow setting must be verified
each time a new filter is installed. The flow setting must be within +4.0 c¢fm
of the “flow controller set point" in order for the sample to be considered
valid.

Meteorological Sensor Calibrations

4.13.1

4.13.2

4.13.3

4134

4,135

4.13.6

Meteorological sensors shall be calibrated:

At a minimum intervai of every six months

Upon installation

Prior to takedown

In place, if possible

Following bearing replacement (wind speed and direction)

Following repair or replacement of any system component which may
alter calibration

The data acquisition system (DAS) and strip chart recorder will be
calibrated at the same time as the associated meteorological sensor.

Recontfigure the DAS to isolate the calibration data from the ambient data
prior to initiation of the calibration. All system responses to calibration
challenges are to be retrieved from the DAS and recorded on the
calibration form. Following the calibration, reconfigure the DAS to resume
collecting ambient data.

DAS responses to calibration inputs are to be noted on the strip chart
recorder. The notations on the strip chart recorder should explain each
significant deflection of the recorder pen, the reason for as well as
beginning and ending times of the calibration period. The technician
performing the procedure should also initiaf the strip chart recorder along
with employee number.

All test equipment must be calibrated traceable to NIST standards. The
calibration standard must have equal or better accuracy and precision than
the unit under test (UUT).

Record all test equipment on the calibration data sheet by manufacturer,
model, serial number and calibration date.
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4.13.7 Foltowing calibration, calibration stickers must be completed and affixed to
each calibrated system. A copy of the completed calibration data sheet
shall be left on site.

5.0 QUALITY CONTROL

5.1

5.2

This procedure describes the requirements necessary to ensure that the output of
the field measurement process is traceable to NIST-SRM. Tolerances and action
levels are listed in the procedure and summarized in Table 1.

Review

5.2.1 Calibration documentation will be reviewed and approved by the supervisor
to ensure conformance with this and any other referenced ENSR SOPs.

5.2.2 If calibrations are rejected, the operator of the network shall be notified
immediately, and corrective action taken. If the calibration was performed
by someone other than the network operator, that person shall also be
notified.

6.0 DOCUMENTATION

6.1

6.2

6.3

6.4

Record all calibration and calibration check documentation in ink, at the time of the
calibration or calibration check, on the appropriate calibration forms. Complete all
sections of the forms using "NA" (not applicable) if necessary. '

Record all appropriate documentation in the field station log and on the strip chart.
The notations on the strip chart should explain each significant deflection of the
recorder pen (e.g., a calibration point, baseline, amp check, adjustment) as well as
the beginning and ending times of the period during which the instrument was not
sampling ambient air. g

Label the calibrated analyzer sampler or meteorological system with a calibration
sticker showing the instrument serial number, date of the calibration, and signature of
the operator (Figure 1 is an example of a calibration sticker).

Upon completion of the calibration, distribute documentation as follows:
6.4.1  First copy, to supervisor for approval and to the data processing center.

6.4.2 Second copy retained in the shelter for field records.

6.4.3  Original to the project files.

R:\pubs\mw97\s0p\2600
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ENR

6.44  If the calibration is performed by someone other than the routine operators,
such as a field service technician or engineer, then the person who
performed the calibration should retain a copy of his or her work.

7.0 REFERENCES

. EPA Quality Assurance Handbook for Air Pollution Measurement Systems Volumes |
and Il.

. Code of Federal Regulations 40 CFR, Part 58, Appendix A, Quality Assurance
Requirements for Prevention of Significant Deterioration.
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Figure 1
Example of Calibration Sticker
m CALIBRATION SEAL
SERIAL NO.
CAL DATE RECAL DATE
TECH
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TABLE 1

Tolerance Limits

Tolerance
>+1%* >+2%

Check Full Scale Full Scale >+5% >+10% >+15%
Zero (with Adjust Multipoint cal. N/A N/A N/A
reference
calibrator)
Automatic span N/A N/A N/A | evel 1 span Level 1 span
Precision/Level N/A N/A Adjust | Multipoint cal. Multipoint cal,
1 span
Multipoint cal. N/A N/A Adjust Adjust Adjust analyzer

and invalidate

data
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APPENDIX

Definitions

Accuracy - The extent to which a measurement or the average of numerous measurements
recorded by a single analyzer agrees with the true value. The difference between the true
value and the measured value is defined as the error. An analyzer is considered accurate if
the error is less than the tolerance or control limits.

Assignable Cause - A cause that can be found and corrected.

Audit - An independent review conducted to compare some aspect of performance with a
standard for that performance. A performance audit of a continuous gas analyzer
incorporates a calibration check utilizing multiple known inputs; however, it is not a
multipoint calibration.

Audit Calibrator - A device other than the in-station calibrator or the reference calibrator that
is used only for audits. The audit calibrator must be an EPA-approved transfer standard, in
current calibration, capable of producing gases at several concentrations equally spaced
over the operating range of the analyzer to be audited. These "test atmospheres" must be
traceable to an authoritative standard.

Calibration - The process of establishing the relationship between the output of a
measurement process and that of a known input.

Calibration Check - The process of determining the relationship between the output of a
measurement process and that of a known input in order to ascertain the extent to which it
agrees with the desired relationship.

Calibrator - A device used to generate a known input or range of known inputs.

Controi Limit - A value calculated from a sample of test data, and expressed as a
hypothetical test value, which defines a limit of random cause in the variation of the test
data. Control limits are most often a pair of values defining limits of upward and downward
variation.

Example: I the designated automatic span value for a given analyzer-calibrator pair is 80
ppb and the calculations indicate that variations of +10 ppb or less are attributable to
random cause, then the control limits for these spans are:
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Upper - 90 ppb
Lower - 70 ppb

Variations outside control limits are attributable to assignable cause. As used in this SOP,
“control" and "tolerance” are nearly identical in meaning.

Data Processing Center - The location and group where data for a network are processed.

In-Station Calibrator - A calibrator integrated with a continuous monitor at a field'monitoring
site. :

Level 1 Span Check - A span check at 70-90% of analyzer full scale, accompanied by a
zero check. The standard used for the check must be an NIST-traceable standard. Results
of the check are compared to the tolerance and the analyzer is adjusted if the tolerance is
exceeded.

Multipoint Calibration - A calibration utilizing (1) multiple known inputs for the initial
calibration check to determine linearity and accuracy of response; (2) adjustment or
readjustment, if required, based on the tolerance or control limits: (3) a final calibration
check to confirm linearity and accuracy of response following adjustment or readjustment;
and (4) at least three points and zero.

Precision - The extent to which any individual value in a set of controlled test data can be
expected to agree with the average of the set; the variability of data. Precision is not a
measurement to determine *how far" from the true value (accuracy), but rather how
scattered are the measurements.

Precision Check - An input of 0.08-0.10 ppm of gas (8-10 ppm for CO) using an NIST-
traceable calibrator. Actual input concentration and analyzer response are documented,
along with calibrator identification. No adjustment is made to the analyzer and the precision
check must be performed before any zero or Level | span check. Results are used to
compute precision of the data.

Primary Standard - A method, device, or material having known, stable, measurable,
traceable and readily reproducible characteristics.

Random Cause - A cause that cannot be isolated and/or attributed to a correctable
condition.

Reference Calibrator - A device other than the in-station calibrator that is used to calibrate or
check an analyzer in the field. A reference calibrator must be in current caiibration and
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capable of producing concentrations over the range of the analyzer to be calibrated or
checked. This calibrator should be traceable to an authoritative standard.

Span Check - An input generated by a calibrator, usually an in-station calibrator or span
cells, to verify analyzer performance. A span check is used to indicate changes in system
performance and to demonstrate whether or not the instrument is performing within
tolerance or control limits.

Standard Reference Material - A material (such as bottied gas or permeation tube) that has
been certified as a primary standard.

Tolerance Limit - A noncalculated limit of variation set by contract, regulatory agency, or by
judgement based upon experience (e.g., a known input plus/minus some percentage).

Traceability - Refers to written documentation supporting the accuracy, relative to a primary
standard, of a method, device, or material, and the data it produces. Documentation must
trace the history of calibration, including dates, methods, and procedures used, back to the
relevant primary standard (by number, if NIST-SRM).

Transfer Standard - (Secondary Standard) - A method, device, or material that is calibrated
against a primary standard for comparison with a third method, device, or material.
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Routine Ambient Monitoring Data Date: 2™ Qtr. 1993
Collection and Evaluation Revision Number: 3

Author: Mike Dobrowoiski

Discipline: Quality Assurance

1.0 PURPOSE AND APPLICABILITY

11

1.2

This procedure describes the minimum requirements for routine air quality and
meteorological data collection and evaluation. The principat objectives are to:

. Assess the status of each monitoring system.
. Evaluate the quality of data gathered.
. Document all information retating to validity of data, with particular attention to

reasons for invalid or suspect data.

Completion of the following forms are required for all stations:

° Field Station Log
. Data Assessment Report.

1.2.1 Required in addition for ambient air quality parameters:

Quarterly Multipoint Calibration Data Sheets
. Bi-weekly Precision Level One Span Data Sheets
. Multipoint Calibration/Precision Check Data Sheets

1.2.2 Required in addition for HI-VOL stations:

o HI-VOL filter jackets.
. Quarterly Multipoint Calibration Data Sheets

1.2.3 Required in addition for meteorological parameters:

. Semi-annual Calibration Data Sheets

2.0 RESPONSIBILITIES

2.1 Field Technician
211 It is the responsibility of the field technician to read and perform the
operation in accordance with the methods and requirements specitied in
this and all referenced ENSR Standard Operating Procedures.
mwa\SOPs\2630 Page 1 of 12 Revision 3
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2.2

3.0 REQUIRED MATERIALS

40 METHOD

Field Station Logs, Multipoint Calibration Forms, Instrument Specific Checklists and Data
Assessment Reports are official program records which may be used in subsequent legal
proceedings. Entries must be informative and concise. An analyst, meteorologist, repair
person or client may need to use the information weeks or months later.

The purpose of completion of the various documentation forms are:

" ENSR SOP 2900, Data Validation

21.2 It is also the responsibility of the field technician to document the procedure
in the field station log as well as on any data forms contained within this
procedure.

Project Manager

221 It is the responsibility of the project manager or designee to ensure that the
operation is performed at the designated frequency.

222 it is the responsibility of the project manager or designee to ensure that all
applicable documentation is reviewed for accuracy and completeness and
is reviewed in a timely manner so as to avoid needless loss of data should
an error be discovered.

ENSR SOP 2999, Acoustic Sodar Data Validation/Quality Assurance Auditing

To clearly indicate data which are valid, suspect or invalid. Validation criteria are
listed in instrument specific calibration SOPs or in the Quality Assurance Project Plan
(QAPP).

For invalid data, to state clearly why the data are no good.

For suspect data, to provide all information which will aid in the evaluation of data
validity.

To provide the information which may be helpful in analyzing meteorological and air
quality conditions, instrument performance and site activities.

Instructions to complete these forms are discussed below.

4.1 Field Station Log (Figure 1)
414 Technician and all visitors must sign the field station log upon entering and
prior to leaving the shelter.
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4.1.2

The field station log is used to record all occurrences at the station which
may be of significance in later analysis of collected data or following the
operational and maintenance history of any of the installed instruments,
systems and test equipment. Record the following:

. Calibrations, quality control checks, repairs or replacements of all
equipment with corresponding serial numbers.

. A description of non-conformance to requirements listed on any
instrument checklist, and action taken, if any.

. A description of abnormal conditions, as discussed in 4.4.3.
. A description of conditions pertinent to "suspect” or "invalid* data.

. Briet summary of other tasks performed.

4.2 iInstrument Checklists

4.21
4.2.2

4,23

4.2.4

Checklists are contained within individual ENSR SOPs for the calibration,
operation or maintenance of each analyzer, sensor, or system.

Instrumentation is to be reviewed for compliance to checklist requirements
at time of station visit.

The checklist procedures require the entering of a check (L) (or yes), an
actual reading, or a 'NO' for each item. Actual readings are preferred,
where appropriate, but are required for out of tolerance conditions.

The entering of a 'NO' often indicates that on-site corrective action or
notification of project management for corrective action assistance is
required. The appropriate action should be taken promptly and described
in the field station log.

43 Data Assessment Reports (DAR) (Figure‘ 2)

4.3.1

4.3.2

The field technician is required to classify all data by date and time, based
on specific criteria and THE BEST JUDGEMENT OF THE FIELD
TECHNICIAN. This classification is recorded on the Data Assessment
Report.

DARs are to be filled out immediately upon review of data, whether daily,
weekly or other schedule.

R:\pubs\mwa7\2630

Page 30of 12 , Revision: 3




— SOP NUMBER: 2630

4,33 Entries on the Data Assessment Report form should include the following:

. Classification of data as suspect or invalid, with time frame of
problem clearly marked as to the start and end date and time for
each classification.

. Short entries of why data is suspect or invalid. Reference the
document which contains the detail of negative findings (i.e., “logs"
"Prec. _" "multipoint cal,") with abbreviations whenever possible.

44 Routine Air Quality and Guidelines
Certain checks are common to most parameters and are described as foilows:
4.41 Shelter Status

. ‘Temp' - Check the current temperature. Where high-low
thermometers are installed, record the high and low temperature
since the last visit. Reset the high and low markers if necessary.

. ‘Manifold Pump OK?' (air quality shelter only) - Verify that the pump
is operating and visually inspect all connections.

. Manifold Clean - Inspect the manifold for accumulation of particles or
grime.

442  'Strip chart ime, supply, marked?"

¢ - Isthe indicated strip chart time accurate? If the chart requires
adjustment to match the time, the chart shouid be clearly marked
before and after adjustment.

NOTE: All ENSR data are logged in LOCAL STANDARD TIME.
Exceptions are described in the QAPP.

. Is the chart supply adequate until the next visit?

. Are the date and time of visit and operator's initials clearly marked on
the chart?

. "ls ENTIRE prior strip chart OK?" The field technician is to examine

the portion of the strip chart generated since the prior examination for
normal and anomalous data, based on personal knowledge of
weather conditions, proper instrument operation, and zero/span
tolerances. This check is most useful if done for instrument
diagnostic purposes. It is required only for historical networks in
order to assess data validity.
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4.5

443

444

Abnormal Conditions - Indicate local conditions in the field station log which
might explain abnormal, but not necessarily invalid, data. conditions worth
noting would include precipitation, wind and dust storms, construction,
traffic, harvesting or other sources which might increase pollutant '
concentrations.

Particulate Samplers - Basic checks include proper day sequencing, 24
hour exposure, flows within specification and filter intact. Exceptions
should be noted on the filter jacket comments section, and also in the
station logs. '

Routine Meteorological Checks and Guidelines

451

4.5.2

Wind Direction and Wind Speed

. Status - Verify that the sensors are intacf, free from ice, and that
cups and vane appear to move freely.

. Wind direction data - Verify that strip chart readout, present actual
vane position and observed current wind direction agree.

. Wind speed data - Verify that current strip chart value appears to be
reasonable based on observation and that the cups are turning
appropriately.

. Multiple sensors - Verify wind direction and speed sensors at other
elevations at the same site as above, and compare values with the
other sensors to see that agree within reasonable limits. The wind
directions from top to bottom of a tower will typically agree within 10°
to 15° when the wind speed exceeds 10 MPH. The upper level wind
speed will normally read approximately 25 to 40% higher than the
lowest level. Note observed discrepancies in the log. Flag data for
the period as "suspect” on the Data Assessment Report if they are
outside these guidelines.

Temperature and Temperature Difference

. Status - Verity, if possible, that the sensor aspirator motors are
operating .

. Temperature data - Verify that the current value appears correct,
based on personal observation.

. Temperature difference data - Verify that the values recorded are
reasonable, based on the "normal" conditions listed in Table 1.

RA\pubs\mwa7\2630

Page 5 of 12 Revision: 3




— SOP NUMBER: 2630

453

45.4

4.5.5

Dew Point

Net and Solar Radiation

Precipitation

Status - Verify, if possible, that the sensor aspirator motor is working.

Data - Verify that the dewpoint value is equai to or less than the
ambient temperature value, if both sensors are located at the same
level.

For monitoring sites in the northeast or midwest United States, the
following guidelines may be used in assessing dew point data: in the
winter dew points greater than 60°F are unlikely. Dew points below
0°F are not untikely during clear, very cold winter weather. During
the summer, dew points tess than 40°F are unusual.

In Southeastern and Gulf Coast States during winter, dewpoints
below 30°F are unusual but typically occur several times each winter
for periods of one to two days. During the summer, dewpoints below
50°F are rare, especially near the coast.

Note observed discrepancies in field log. Flag data for the period as
"suspect” on the DAR.

Spot check and verify the DAS vs. strip chart values.

Verify that the solar radiation sensor records zero or near zero values
at night. : '

Verify that the net radiation sensor records zero or negative values at
night.

Verify that there are no shadows cast on the sensor at any time of
the day.

Verify that the sensor is level, that the domes are clear with no
condensation present and that the vegetation in the area surrounding
and below the sensor is natural.

Verify that there is no ice or snow on the sensor.,

Verify the DAS vs strip chart values for a recorded event.
Verify that the instrument recorded a known event.

Verify that the heater is operational and/or that the gauge is charged
with antifreeze for winter operations (weighing bucket).

R:\pubs\mwa7'2630

Page 6 of 12 Revision: 3



— SOP NUMBER: 2630

4.5.6

Not applicable

Check the gauge for unusual circumstances such as insect or wildlife

activity.

Verify that the gauge is level and has no leaks (weighing bucket).

SODAR

Data collection and evaluation is quite involved with SODAR and consists
of an identical level comparison with sensors mounted on a co-located
meteorological tower. The details on SODAR data collection and
evaluation are found in ENSR SOP 2999, Acoustic SODAR Data
Validation/Quality Assurance Auditing. However, basic steps necessary for
preliminary evaluation of SODAR data include:

Check the red LEDs on the front of the amplifier and verify that the
amplifier is not in "standby" or "clipping".

Check the supply of printer paper and add as necessary.

Listen to the transmitting pulses of the SODAR for any extraneous

echoes or attenuation of signal.

Verify that the heater is operational.

Examine the antenna array for dirt, snow, ice, insects etc.. Remove
any dirt or snow with a broom or vacuum. Take care to not damage
the cones during this operation.

Check the ambient noise levels. Use a noise meter if one is
available and compare versus the noise values reported by the
SODAR, or check the values that the SODAR is reporting against the
ambient levels determined during the site survey.

Compare the noise values reported for each of the three beams.
These values should be virtually the same and less than the site
survey maximum of 55 dBL.

Observe the area surrounding the SODAR to determine if any land
use may have changed or if there is any activity in the area which
may influence the collection of data.

Observe the meteorological tower sensors if possible and perform a
reasonability check of the tower data.

5.0 QUALITY CONTROL

R:\pubs\mwo7\2630
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6.0 DOCUMENTATION

6.1 All documentation such as strip chart records, check lists, field station logs and data
assessment reports should be assembied and packaged as a group and submitted
for data validation at the end of each month.

6.2  One copy of each multipart form should be retained on-site for reference.

6.3  Following data validation, all original copies are achieved in the project files.

7.0 REFERENCES
Not applicable
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APPENDIX

"Valid" - data for which no evidence exists to cast doubt on its representativeness,
accuracy, and reasonableness that is, data which is "good" beyond a reasonable
doubt.

"Suspect” - data for which some evidence exists to cast doubt on its validity such as
possible component malfunction, abnormal local conditions, calibration check
performance borderline or out of tolerance, etc.

"Invalid" - data for which evidence exists which is known to have produced erroneous
ambient data such as instrument malfunction, power failure, audits, calibrations,
repairs, etc.

Ri\pubs\mwo7\2630
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TABLE 1
Delta Temperature Screening Values
Weather Conditions Delta Temperature Approximate
Readings (200’ tower)
Sunny clear day -0.5°C to —1.7°C (-1.0 to -3.0°F)
Clear calm night 0 to full scale (warmer a top of tower
Ciear breezy night 0to -0.8°C (0 to —1.5°F)
Cloudy night +0.3° to —0.8°C (+0.5° to —1.5°F)
#
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Figure 1
FIELD STATION LOG Site
Network
Project Number
DATE | TIME COMMENT INITIALS | EMP. NO.
\

WHITE COPY — DATA REDUCTION & ANALYSIS . YELLOW COPY — FIELD OPERATION SUPEAVISOR - PINK COPY — FIELD STATION LOG BOOK
R:\pubs\mw97\sops\2630\orm 2039_fig1.doc
R:\pubs\mwo2630 Page 11 of 12 Revision: 3




SOP NUMBER: . 2630

DATA ASSESSMENT REPORT

Project No.:
Sensor SN:

Client:

Figure 2

Data Assessment Report

Netwark.

Site:

Sensor S/N;

Dates in Service:

Idea Par. Code:

Dates in Service:

Level 1 (NBS) Cal 8/N:

Month:

Tracking Device S/N:

Hour Ending
13 14 15 16 17 18

Aemarks

swaﬂmmnwm—lg

31

Code:

T\pubs\w B SO PEREINFomt 1938_Fiy2 doc

1 = Invalid
S = Suspect
SC = Strip Chart Data Loss

M = Mai

int Cal.

PC = Precigion Ck.
ZS = Zero/Span Ck

PO = Pawer Qut Field Tect:

A = Audit

Cate:

Date:

up:
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SOP NUMBER: 2660
Meteorological Sensor Siting and Date:  1st Qtr. 2007
Calibration Revision Number: 3
Author:  Leo Gendron
Discipline: Air Monitoring

1.0 PURPOSE AND APPLICABILITY

1.1

1.2

13

1.4

Siting of meteorological instruments will be accomplished in accordance with the
EPA Ambient Monitoring Guidelines for PSD (EPA -450/4-87-007, May 1987) and
EPA's document entitled "Meteorological Monitoring Guidance for Regulatory
Modeling Applications" dated February 2000 (EPA-454/R-99-005).

This standard operating procedure (SOP) describes siting requirements such as
horizontal and vertical probe placement and exposure considerations such as
spacing from obstructions for the installation of meteorological towers and
instrumentation. As a general rule, an instrument should be sited away from the
influence of obstructions such as buildings and trees, and in a position to make
measurements that are representative of the general state of the environment in the
area of interest.

Secondary issues such as accessibility and security must be considered, but should
not be allowed to compromise the quality of the collected data. Approvai for site
selection should be obtained from the permit granted agency prior to installation. ,
Any deviation from standard siting and the reasons for the deviation should be
described in the Monitoring or Quality Assurance Project Plan (QAPP). An annual
site inspection is recommended to verify the siting and exposure of the
instrumentation.

General elements of calibration procedures for meteorological instrumentation are
discussed, however specific guidance for individual measurement systems are
contained in the SOPs referenced in Section 3.

2.0 RESPONSIBILITIES

2.1 The project manager/engineer or a professional meteorologist is responsible for
instrument siting and installation specifications, and for advising the client on
acceptability of siting and installations specified/installed by others.

2.2  Technician or engineer performing calibration is responsible for conformance to this
procedure.
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23

~ Project engineer is responsible for quality control review of all calibration

documentation, to assure conformance with written procedures, completeness and
legibility of results, and final values within specifications.

3.0 REQUIRED MATERIALS

Specific calibration procedures for individual meteorological parameters are further defined
in the following ENSR SOPs:

Vertical Wind Speed - SOP 2660-075

Wind Direction - SOPs 2660-150 & 2660-166 & 2660-185
Wind Speed - SOPs 2660-151 & 2660-165 & 2660-185
‘Precipitation - SOP 2660-152

Dewpoint - SOP 2660-155

Temperature/Delta Temp. - SOPs 2660-210 & 2660-220

Solar Radiation - SOP 2660-305

Net Radiation - SOP 2660-320

4.0 METEOROLOGICAL SENSOR SITING

4.1

Wind Direction/Wind Speed

4141

4.1.2

413

The standard exposure height of wind instruments over level, open terrain
is 10m above the ground. Open terrain is defined as an area where the
distance between the instrument and any obstruction is five to ten times the
height of that obstruction. The slope of the terrain in the vicinity of the site
should be taken into account when determining the relative height of the
obstruction. An obstruction may be man-made (such as a building or stack)
or natural (such as a hill or a tree). Where such an exposure cannot be
obtained, the anemometer should be instalied at such a height that it is
reasonably unaffected by local obstructions and represents the
approximate wind values that would occur at 10m in the absence of the
obstructions.

If wind instruments must be mounted on a building (or other large structure)
due to the lack of suitable open space, then the measurement should be
made at sufficient height to avoid the aerodynamic wake area. This height
can be determined by on-site measurements (e.g., smoke releases) or wind
tunnel studies. As a general rule, the total depth of the building wake is
estimated to be approximately 2.5 times the height of the building.

Sensors mounted on towers are frequently used to collect wind
measurements at more than one height. To avoid the influence of the
structure itself, closed towers, stacks, cooling towers, and similar solid

R:\pubs\mw37\sop\2660

Page 2 of 8 ‘ Revision: 2



ENNR

SOP NUMBER: 2660

4.2

4.3

4.1.4

structures should not be used to support wind instruments. Open-lattice
towers are preferred. Towers should be located at or close to plant
elevation in an open space representative of the area of interest.

Wind instruments should be mounted on booms at a distance of at least
twice the diameter/diagonal of the tower (from the nearest point on the
tower) into the prevailing wind direction or wind direction of interest. A wind
sensor mounted on top of a tower should be mounted at least one tower
diameter/diagonal above the top of the tower structure.

Temperature, Temperature Difference, and Dewpoint Temperature

4.2.1

4.2.2

4.2.3

4.24

The recommended vertical heights for probe placement are 2m for
temperature and 10m and 2m for temperature difference. For sites that
experience large amounts of snow, adjustments to the temperature
measurement height may be necessary, but the temperature probe should
not be above 10m.

The sensor should be located over an open, level area at least 9m in
diameter. The surface should be covered by short grass, or the natural
earth surface. Instruments should be protected from thermal radiation
(from the earth, sun, sky, and any surrounding objects) and adequately
ventitated using aspirated shields.

Temperature sensors on towers should be mounted on booms at a
distance of about one diameter/diagonal of the tower (from the nearest
point on the tower). in this case, downward facing aspiration shield are
necessary.

Temperature sensors should be located at.a distance of at least four times
the height of any nearby obstruction and at least 30m from large paved
areas. Other situations to avoid include: large industrial heat sources,
rooftops, steep slopes, sheltered heilows, high vegetation, shaded areas,
swamps, areas where frequent snow drifts occur, low places that hold
standing water after rains, and the vicinity of air exhausts.

Precipitation

4.3.1

Rain gages should be sited on level ground so the gage openings are
horizontal and open to the sky. The underlying surface should be covered
with short grass or gravel. The height of the opening should be as low as
possible (minimum of 30 cm), but should be high enough to avoid splashing
in from the ground.
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4.4

4.5

4.3.2

4.3.3

Rain gages mounted on towers should be located above the average level
of snow accumulation.

The best exposure may be found in orchards, openings in a grove of trees,
bushes, or shrubbery, or where fences or other objects act together to
serve as an effective wind-break. As a generali rule, in sheltered areas
where the height of the objects and their distance to the instrument is

~ uniform, their height (above the instrument) should not exceed twice the

distance (from the instrument). In open areas, the distance to obstructions
should be at least two, and preferably four, times the height of the
obstruction. 1t is also desirable in open areas which experience significant
snowfall to use wind shields.

Radiation (Solar/Net)

4.4.1

4.4.2

443

44.4

Pyranometers used for measuring incoming (solar) radiation should be
located with an unrestricted view of the sky in all directions during all
seasons, with the lowest solar elevation angle possible. Sensor height is
not critical for pyranometers. A tall platform or rooftop is a desirable
location. :

Net radiometers should be mounted about one meter above the ground.
The groundcover under the radiometer should be natural.

Pyranometers should be located to avoid obstructions casting a shadow on
the sensor at any time. Also, light colored walls and artificial sources of
radiation shouid be avoided.

Net radiometers should also be located to avoid obstructions to the field of
view both upward and downward.

Complex Terrain, Coastal and Urban Siting Guidance

4.5.1

Specific siting recommendations cannot be given to cover all possible
situations in complex terrain. The process of siting instruments in complex
terrain should begin with defining the variables that are needed for a given
application. The process should also include defining what terrain
influences are likely to be important, using information from topographic
maps in conjunction with preliminary estimates of expected plume height
range, and any nearby meteorological data. Alternative measurement
locations and techniques shouid then be identified and an optimum design
selected by balancing the advantages and disadvantages of the various
options.
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4.6

4.5.2

4.5.3

Special siting considerations also apply to coastal and urban sites. Mutltiple
sites are often desirable in these situations, but model input limitations
usually require selection of a single "best" site for modeling applications.
Judgements on siting in these special situations should be made in
consultation with the appropriate Regional Office.

For further details on meteorological sensor siting for complex terrain,
coastal or urban situations, refer to EPA's Document entitled "On-Site
Meteorological Program Guidance for Regulatory Modeling Applications".

SODAR Siting Guidance

4.6.1

4.6.2

4.6.3

464

Basic guidance for siting a SODAR unit is as follows:

. The antenna must be placed less than 50 meters from the main
computer

. The antenna location must be as quiet as possible

. The antenna location must be as far as possible from any objects
(i.e. trees, telephone lines, electric lines, fences, etc.) which could
generate whistling noises in strong wind conditions

. The antenna location must be as far as possible from any object
capable of reflecting echoes (i.e. towers, buildings, hills or cliffs, etc.).
The angle between horizontal and a line joining the antenna pad and
the top of the obstacle must be less than 15°.

. Large electric or magnetic fields should also be avoided.

In addition to general meteorological siting considerations, the fundamental
requirements of a return signal with a sharply defined atmospheric peak
frequency places special requirements on the siting of a SODAR system.

External noise sources can be classified as active or passive, and as
broad-band (random frequency) or narrow-band (fixed frequency). General
background noise such as highways or industrial facilities are considered
active and are broad-band. If loud enough, they can cause the SODAR
software to reject data because it can't find a peak or because the signal-to-
noise ratio is too low. The net effects are not to produce erroneous data
but to lower the effective sampling rate due to the loss of many of the
pulses.

Active, narrow band noises sources include birds and insects, or rotating
fans. . If these noise sources have a frequency component in the SODAR
operating range, they may be interpreted as good data by the SODAR.
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4.6.5

4.6.6

4.6.7

4.6.8

" Potential passive sources should be mapped and identified in terms of

Passive noise sources are objects either on the ground or elevated such as
tall towers or buildings and trees. These sources can reflect a transmitted
pulse back to the SODAR antenna which will interpret it as good data.

A qualitative survey should be conducted to identify potential noise
sources, and a quantitative noise survey may be necessary to determine if
noise levels are within the manufacturer's minimum requirements.

direction and height from the antenna. Data should be reviewed for
potential biases resulting from passive reflectors.

One last item that should be considered in a SODAR siting decision is the
effect of the instrument on its surroundings. The sound pulse is quite
audible and could create a disturbance if antennas are located too close to
residences.

4.7  General Siting Guidance

If the siting recommendations contained in this SOP cannot be achieved, then

alternate approaches should be developed in conjunction with the EPA/State

Regional Office. Approval for a particular site selection should be obtained from the

permit granting agency prior to installation of any meteorological monitoring system.

4.8 Meteorological Sensor Calibrations

4.8.1 Test Equipment shall

. be identified on the calibration data sheet by manufacturer, model
number, serial number, and most recent calibration date
. comply with provisions for out-of-date calibration as in SOP 2750,
Test Equipment Calibration/Repair

4.8.2 A reference calibration unit must have equal or better accuracy and
precision than the unit under test (UUT). When two different reference
units are used, the one with the better accuracy and precision shall be
designated as the standard.

4.8.3 Calibrations of test equipment and standards shall be traceable to NIST or
other authoritative standards.

4.8.4  Sensors shall be calibrated
. in place, whenever feasible
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4.8.5

4.8.6

4.8.7

4.8.8

48.9

4.8.10

4.8.11

. upon installation

. prior to takedown

. at a minimum interval of every six months

. after bearing replacement (wind speed and direction)

e after repair or replacement of any system component affecting
calibration.

Recorders and data collectors shall be calibrated at the same time as the
meteorological sensors.

Digital data acquisition system (DAS) will be reconfigured to isolate the
calibration data from the ambient data prior to initiation of calibration
procedures. Following calibration the DAS will be reconfigured to resume
collecting ambient data. : '

Strip charts will be annotated such that all non-ambient data will be clearly
identified.

Calibration stickers shall be affixed to each calibrated component and/or
system in a clearly visible place wherever practical.

A copy of each completed calibration sheet shall be left on site, whenever
"NCR" forms are used. If single sheets are used and no copieris
convenient, copies will be made by the supervisor and returned promptly to
the field site. If errors are found during QC review, corrections will likewise
be forwarded to the field.

Significant problems and action items will be telephoned or relayed in
person to the cognizant supervisor as soon as practical.

Completed original copies and narrative trip reports shall be approved by
the supervisor and stored in the project files.

5.0 QUALITY CONTROL

Any deviation from standard siting and the reasons for the deviation should be described in
the Monitoring or Quality Assurance Project Plan (QAPP).

Prior to the collection of data, a systems audit of the meteorological monitoring network
should be performed to verify adherence to the requirements presented in the
monitoring/QAPP and this SOP. The systems audit should document instrument placement,
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surrounding terrain, distance to obstructions, cross arm orientation, proper operation of the
data acquisition system, tower condition, calibration and operations maintenance,
documentation of deviation from standard siting criteria, or any other conditions which may
influence the collection of representative data. Subsequent to the initial audit, succeeding
systems audits should be conducted on an annual basis.

6.0 DOCUMENTATION

6.1 Calibration data sheets shall contain

. a complete inventory of test equipment used listed by manufacturer, serial
number and calibration date as well as reference units used

° both "as found" and "as left" conditions, including the total system error "as .
found" (sum of individual component errors)

. tolerance limits for each critical measurement

. serial numbers (both manufacturer's and ENSR's when available) of each

sensor and component calibrated
e - acopy of each compieted calibration sheet shall be left on site.

6.2 Field Station logs shall contain

o name or initials and ENSR employee numbers of each member of the
meteorological team

. Data logger channel up/down times

.- | personnel time in and out each day

. prief description of activities, including parameters calibrated, problems, and

out-of-specification conditions found, corrective actions taken, and
recommended future action.
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Test Equipment Calibration/Repair Date: 2002

Revision Number: 1

Author: L. Gendron

Discipline:  Air Measurements

21

2.2

23

2.4

2.5

1.0 PURPOSE AND APPLICABILITY

The following equipment caiibration/repair procedure applies to any piece of test equipment
which is used as a secondary standard for the calibration or repair of instrumentation
requiring traceability to the National Bureau of Standards (NBS). This procedure does not
necessarily apply to test equipment used for research and development projects.

20 RESPONSIBILITIES

The Engineering Division shall specify qualified calibration service organizations with
NBS traceable equipment to calibrate and/or repair test equipment. The service
organization shall be selected so as to provide:

2.1.1 A record of calibration data similar to the Appendix copy,

21.2  Acertificate of NBS traceability similar to the Appendix copy.

Users of test equipment, either in a laboratory or in the fieid, are responsible for
maintaining the proper calibration schedule (see Appendix 1) of their equipment and

notifying their supervisor of any need for replacement equipment.

Laboratory or District Supervisors are responsible for arranging for replacement of
equipment when notified that test equipment is due for calibration or out for repair.

The person issuing a purchase requisition for test equipment shall specify
“certification of traceability to NBS required." A copy of the purchase order shall be

forwarded to the Quality Assurance (QA) library.

Upon receipt of new test equipment, Materials Control shall submit the certification of
traceability to the QA library.

3.0 METHODS

3.1 Calibration of test equipment will be performed at scheduled intervals with a twoweek
grace period for scheduling purposes. The interval will be that recommended in the
UAWPF'200012450-017_Basin_NexGem2750 Test Equip.doc Page 1 0of 4 Revision 1




| SOP NUMBER: 2750

ERT Engineering Bulletin dated April 1979 (Appendix). Any data generated through
use of a piece of test equipment beyond its two-week calibration grace period will be
considered "suspect" until the results of the recalibration are investigated.

3.2 Inthe event that any of the foliowing apply, the laboratory or district supervisor shall

be notified immediately and the equipment removed from service until recertification
can be completed.

3.21 A piece of test equipment does not have a valid cafibration sticker.
3.2.2 A calibration seal is broken.

3.2.3  Aunitis found to be out of calibration or to require repair.

40 DOCUMENTATION

Associated with each piece of test equipment is an Instrument Record Card, ENSR Form
1828 and 1828-1 (Appendix 4) or an older version of the IR Card, ENSR Form 1172 (see
TechiIN #2901-001). These cards are maintained in the QA library and in laboratories by
instrument type and manufacturer's serial number. Originals of calibration and repair data
and certification records are filed with the card. ’
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APPENDIX I

RECOMMENDED CALIBRATION FREQUENCY

Manufacturer Model No. tem Recommended Cal
Cycle # of Months
Dana 2000 Digital Muttimeter 6
Dana 5000 Digital Multimeter 6
Exact 126 Function Generator 12
Exact 190 Function Generator 6
Fluke 881A Differential Voltmeter 6
Fluke 1900A Counter 6
Fluke 1952A Counter 12
Fluke 8000A Digital Multimeter 12
Fluke 8020A Digital Multimeter 12
Fluke 8030A Digital Muitimeter 6
Fluke 8040A Digital Multimeter 6
Fluke 8100A Digital Multimeter 6
Fluke 8120A Digital Multimeter 6
Fluke 8600A Digital Muitimeter 6
Gen. Radio 1433-F Resistance Decade 6
Gen. Radio 1531 Strobotac 6
Gen. Res. DAS-57AL Dial-A-Source 6
Gen. Res. RDS-63A Resist-O-Stat 6
Heath EU-80A Voltage Reference Source 6
H.P. 400FL AC Voltmeter 6
H.P. 1702A Oscilloscope 12*
H.P. a7 Digital Muttimeter 6
H.P. 2801 Thermometer 12
Keithley 168 Digital Multimeter 6
Keithley 225 Current Source 6
Keithley 261 Pico Amp Source 6
Keithley 414A Pico Emmeter 6
Keithley 616 Electrometer 6
Newport 210 Digital Panel Meter 6
Philips PM3110 Oscilloscope 12*
Philips PM3210 Oscilloscope 12*
Power 781 Torque Meter 6™*
Philips PM3232 Oscilloscope 12*
Simpson 260 Volit-Ohm-Meter 12*
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Simpson . 261 Volt-Ohm Meter 12*

Simpson 715 RMS Voltmeter 12*
Tek 212 Oscilloscope 12"
Tek 453 Oscilloscope 6
Tek 422 Oscilloscope 12*
Tek TM515 Power Supply 12*
Tek T922 Oscilloscope 12*
Tek DC503 Counter 6
Tek DM501 Digital Multimeter 6
Tek FG503 Function Generator 12
Tek SC502 : Oscilloscope 12*
Telequipment D75 Oscilloscope 12*
Triplett 630 Volt-Ohm-Meter 12*
Waters 651C-1 Torque Watch 6
Waters 366-2M Torque Watch 6
Waters ‘ 366-3M Torque Watch 12
Weston : 1241 Digital Multimeter 6

*Functional check.
**Instrument used infrequently; recommended calibration schedule dependent on use
schedule.
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Field Audit of Air Quality Date: 4™ Qtr. 2006
Monitoring Networks Revision Number: 1

Author: Mike Dobrowoiski

Discipline: Air Measurements

1.0

2.0

PURPOSE AND APPLICABILITY

The purpose of this procedure is to outline the procedures and considerations necessary to
conduct a field audit of air quality monitoring networks. The protocol serves as a suggested
guideline and is not intended to be a detailed step-by-step instruction. Specific procedures

and required materials can be found in the ENSR SOPs listed in Section 3. Auditors should
feel free to ask as many questions as necessary to make an evaluation of the quality of the

program audited.

The field audit described in this procedure has been designed primarily for PSD (Prevention
of Significant Deterioration) field monitoring programs. Audits for other kinds of programs
will consist minimally of verification of compliance with project specific Quality Assurance
Program Plans, regulations, and permit requirements.

RESPONSIBILITIES

The auditor shall be responsible for:

21 Performing the audit in compliance with the guidelines and procedures presented in
this SOP and ENSR SOP 2900-001, Performance Audits of Air Quality Monitors.

2.2 Reviewing the Quality Assurance Program Plan, if available, to become familiar with
~ the system design, the purpose of the monitoring, and applicable operating
procedures.

23 Maintaining familiarity with the calibration equipment used in the field as well as the
monitoring equipment audited. Certification of the auditor on the operation of the
calibrators used may be desirable.

2.4  Assuring that all calibration equipment used for the audit has been certified within
required time limits (see ENSR SOP 2600, Field Calibration Control Plan) and that all
test equipment is in current calibration. (See ENSR SOP 2750, Test Equipment
Calibration/Repair.)
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3.0 REQUIRED MATERIALS

Specific procedures and required materials to fulfil the requirements of this SOP can be
found in the following:

ENSR SOP 2600, Field Calibration Control Pian

ENSR SOP 2620-001, High Volume Sampler Calibration

ENSR SOP 2750, Test Equipment Calibration and Repair

ENSR SOP 2900-001, Performance Audits of Air Quality Monitors

4.0 METHOD

4.1 System Audit

See attached six page System Audit Checklist

The auditor shall;

4.1.1

4.1.2

41.3

4.1.4

At the site (or sites), verify that the site location and configuration match
those in the Monitoring Plan. Document any variances and note whether or
not required approvals were granted.

Verify that all air monitoring instrumentation probes are located at the
proper heights and exposures (for PSD, they must meet the probe siting
criteria as contained in 40CFR58, Appendix E). If any probe is not properly
sited it should be determined whether there is documentation of an
approved variance.

Verify that meteorological instruments are located at appropriate heights
and distances from obstacles for the surrounding terrain. (See Ambient
Monitoring Guidelines for PSD, Section 4.2.} If meteorological instruments
are not properly sited, it should be determined whether there is
documentation of an approved variance.

Note tower and guy wire conditions and observe (when possible) whether
tower instruments appear to be operating properly.

Inspect the shelter and surrounding area noting accessibility (road
conditions), cleanliness, orderliness, shelter temperature control, and

mw37\S0Ps\2900
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4.1.5

4.1.6

4.1.7

4.1.8

4.1.9

4.1.10

4.1.11

OSHA safety standards pertaining to electrical connections, ladders,
railings, and storage of combustible and toxic gases.

Inspect the sampling train for leaks, kinks, and visible contamination and
moisture. Assure that all ports of the sampling manifoid are used or
capped off. Verify air flow through the sampling manifold.

(Optional) Inventory all monitoring and recording equipment by
manufacturer, modei number, serial number, age (if available) and date of
last calibration, where appropriate.

Determine that all air quality monitors in use are certified as reference or
equivalent instruments (if required by program) and that they are being
operated as such with respect to range, time constant, etc.. If they are not,
there should be documentation of an approved variance.

Verify that all meteorological systems (digital or analog) meet minimum
accuracy requirements as indicated by manufacturer's and applicable
guideline specifications; also that each met sensor meets the appropriate
specifications (PSD, see Ambient Monitoring Guidelines for PSD, Section
5.2 and references therein).

Verify that all instruments are in current calibration. There should be
documentary evidence showing that all calibrations are traceable to NIST
or equivalent standards.

Ascertain whether the site is operated under written or "oral" procedures.
Written procedures should be available on site for the technician's
reference. The written procedures should be adequate to ensure data
validity. The technician may be evaluated as to his knowledge of current
procedures.

Review site documentation (logs, maintenance schedules, calibration
documents, calibration stickers) to assure that procedures are being
followed. '

4.2  Continuous Analyzer Performance Audit

4.2.1

Reconfigure the data acquisition system such that audit challenges are
excluded from the valid ambient database.
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4.2.2

423

4.24

Attach the sample intake line to the vented calibrator outiet line or manifold,
including all filters and scrubbers in the normal sample train. (Some
stations have provision for attachment at sampling manifold.)

Run at least 3 points and zero, covering the operating range of the
analyzer. (See ENSR SOP 2900-001, Performance Audit of Air Quality
Monitors)

Caiculate the percent different between designated (audit) values and
observed values as reported by the digital data logger and/or strip chart
recorder: use direct voltage readout from the analyzer only in real-time
networks. If major discrepancies exist between redundant data collection
systems, note in audit report.

4.3 Particulate Sampler Audit

4.31

4.3.2

4.3.3

434

Record ambient temperature and barometric pressure. ENSR SOP 2620-
001 for detailed audit procedures as well as for elevation corrections to
barometric pressure.

For samplers without flow-control devices, run at least a 1 point calibration
using an orifice calibration device and a single blank filter. Compare the
flow as determined with the audit calibrator in scfm with the true cfm as
read from the current calibration curve for that sampler. Calculate the %
difference.

For samplers with flow controllers, use the orifice calibration device with a
single blank filter. Compare audit flow with the visual flow indicator (if any)
or the assumed true flow. Calculate the % difference. A second point may
be run with 2 blank filters, in order to check efficiency of flow controller.
The two readings should agree to £10%.

Collocated samplers (PSD) shall be audited. Verify that the sampling
frequency of the collocated HI-VOL conforms to the PSD Regulations
(Appendix A, 40CFR part 58).
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ENWR

4.4 Data Reduction Audit

4.41

4.4.2

4.4.3

5.0 QUALITY CONTROL

Not applicable.

6.0 6.0DOCUMENTATION

6.1 A copy of the completed performance audit data sheet for each instrument audited
will be left on site.

6.2  The original of each performance audit data sheet as well as the completed systems
audit checklist shall be sent to Quality Assurance in Acton, MA for generation of the
audit report.

6.3  Audit Report

6.3.1

Determine if procedures exist (written or "oral"} for the reduction of raw data
to reporting format. These procedures should be adeguate to ensure data
validity and shouid cover Quality Control criteria, methods, and
decumentation. It should be determined whether data are collected digitally
or on strip charts and if on both, which is used to report data. The following
questions shall be asked: Is there a written procedure for hand-digitizing
strip chart values? What averaging method is used (10 min, 30 min, 60
min, etc.)? How many values are included in the average? Is start, center,
or end of average interval used to report data? What kind of spot checking,
if any, is done?

Determine whether calibration documents are used in the validation
process, if data are ever adjusted for any reason, and if so, what methods
are used and how they are documented. ‘

Determine under what conditions the periodic zero and span checks are
done (automatic or manual), whether the span values are plotted or logged,
and how the span data are used in data reduction.

Audit reports shall contain the results of the performance audit and may
also include a checklist with notations made at the site(s), an evaluation of
the overall effectiveness of the agency's data collection activities, and an
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ENCR

6.3.2

6.3.3

6.3.4

estimate of the probability of collecting "valid data,” based on factual
observations.

For PSD, the audit report shall contain calculations of accuracy and
precision done in accordance with 40CFR58, Sections 4.2 and 5.2.

Audit reports shall be issued promptly and addressed to the division
manager of the audited area, or to the Program Manager in the case of
program-specific audits. Copies will also be sent to those involved in the
audited function, to those with profit and loss responsibility, and to the
Corporate Quality Assurance Officer.

The audit report, including the originél data sheets from the performance
portion of the audit, will be archived in the ENSR Quality Assurance Library.

7.0 REFERENCES

) Code of Federal Regulations 40 CFR Part 58 Appendix A, October 2006

. Quality Assurance Handbook for Air Pollution Measurement Systems Volume |i EPA-
600/4-77-027a Section 2.0.11.
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Ambient Monitoring Data - Date: 3" Qtr. 2006
Validation Revision Number: 5
Authaor: Vincent Scheetz
Discipline: Air Measurements -

1.1

1.2

1.3

1.4

1.5

1.0 PURPOSE AND APPLICABILITY

This standard operating procedure (SOP) defines the criteria and the process for
determining the validity of continuous air measurements data. It is applicable to all
validation, regardless of the person or group performing the function.

It is a quality assurance function which requires a person different from the field
operator to review blocks of data and the documentation of data collection activities
and to accept or reject data based on an estabtished set of criteria. This procedure
is based on the EPA Quality Assurance Handbook for Air Pollution Measurement
Systems, Volumes |, I, and IV.

The criteria and methods described in this SOP are applicable in all programs where
more stringent criteria or more elaborate methods of data validation are not imposed
by a project-specific document such as a Quality Assurance Project Plan (OAPP).
The QAPP will clearly define the project and tasks to which it applies and will discuss
the criteria which deviate from standard procedures, along with the reasons for such
deviations.

Validation of particulate data is discussed in ENSR SOP 2629-201, Filter Processing
Method for the Determination of Total Suspended Particulates. Validation of SODAR
data is presented in ENSR SOP 2999, Acoustic SODAR Data Validation/Quality
Assurance Auditing.

Valid Data are those data which are suitable for intended use with respect to
completeness (data capture or enough time to make a valid hour, month, etc.),

- representativeness (proper siting, appropriate measurement), accuracy and

precision (calibration, instrument performance), comparability (use of standard
methods, units, etc.), and traceability (documented linkage to time and location of
measurement, and to authoritative standards).

Validation is the process of confirming each of the above characteristics by
measuring them against the requirements of the regulatory agency (if any), the client,
and ENSR standards of performance. The process includes data reduction,
handling, editing, checking, and review, as well as audits and inspections.
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2.0

3.0

1.6

RESPONSIBILITIES

2.1

2.2

23

REQUIRED MATERIALS

Representativeness should be confirmed by auditing the siting with respect to the
approved monitoring plan.

Completeness - The absolute minimum portion of an hour that can represent a valid
hourly average is 30 minutes for meteorological parameters and 45 minutes for
continuous pollutant monitors. Minimum completeness criteria for other averaging
periods are listed below:

Averaging Period Minimum
1-hour 30 min for meteorology, 45 min for continuous air quality
3-hour - 3 valid hours
8-hour 6 valid hours
24-hour 18 valid hours

The field operator is responsible for the first phase of data validation, wherein first-
hand knowledge of instrument performance to prescribed tolerances is required to
determine data quality. Documentation of the operator's data assessment is critical
to validation. The operator shall use the criteria presented in ENSR SOP, the
project-specific monitoring plan and/or QA Plan, and the instrument manufacturer's
documentation.

The immediate supervisor (supervisor, project manager, project engineer, etc.) is
responsible for the second phase of data validation, in which the field documentation
and operator data assessment are reviewed to ensure adherence to tolerances and
procedures, and to provide the review essential to quality control. The extent of this
review shall be determined by the contract, but shall assure that the minimum
standards described in this procedure are accomplished.

The project manager is responsible for assigning a qualified individual to perform the
validation activities in conformance with this procedure, to the extent defined in the
contract and in the QA Plan.

ENSR SOP 2400, Traceability of Standards
Project-Specific Monitoring Plan or Quality Assurance Plan
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4.0 METHOD

4.1

Minimum Data Acceptance Criteria for Air Quality Analyzers

4141

4.1.2

413

41.4

415

4.1.6

4.1.7

4.1.8

4.1.9

The entire sampling system must be demonstrated to be operating
properly. Instruments shall be calibrated according to applicable
requirements of ENSR SOP, the project-specific monitoring and/or QA
Plan, and manufacturer's instruction manuals.

The data must be bracketed by instrument calibrations. The data shall be
reviewed in blocks beginning and ending with a calibration. ~

The calibrator used (i.e., transfer standard) shall have been calibrated in
accordance with ENSR SOP (2400, Traceability of Standards) and
manufacturer's instruction manuals.

The data must be completely identified with respect to time, site;
parameter, scale and units.

The accuracy of the data, as indicated in the beginning and ending
calibration, must be within the accuracy goals stated in the monitoring pian
and/or quality assurance plan for the data to be considered valid.

Documentary evidence of the traceability of the data must exist in sufficient
detail to substantiate the measurements. The minimum requirements are
defined in the monitoring plan and/or QA Plan for each project, but usually
include the calibration data sheets, the field logs or status/data assessment
sheets, and chain-of-custody records, if appropriate. |

Data meeting all the criteria (4.1.1-4.1.6) are considered valid.
If any of the information necessary to make the above evaluations is not
available, the data shall be considered suspect until further review,

comparison or investigation demonstrates that the data are valid or invalid.

Data covered by 4.1.8 shall be considered valid if no conclusive evidence
to the contrary can be found.
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4.2 Minimum Data Acceptance Criteria for Meteorological Sensors

4.2.1 Meteorological sensors and systems must be demonstrated to be operating
properly and be calibrated according to the applicable ENSR SOP and
manufacturer's instruction manuals.

4.2.2 The data must be bracketed by calibrations or tests which document that
the systems are performing within the tolerances specified in the project's
monitoring pian and/or QA Plan.

4.2.3 The data must be completely identified with respect to time, site,
parameter, scale and units.

4.2.4 There must be sufficient documentary evidence in the form of caiibration
data sheets, field station log entries or status/data assessment sheets to
support the validity of the data. Minimum requirements are defined in the
project-specific monitoring plan and/or QA Plan.

425 Data which meet the criteria described in Sections 4.2.1 - 4.2.4 are
considered valid.

4.2.6 Data for which any information required in 4.2.4 is missing will be
considered suspect until further review, investigation or comparison
demonstrates that the data are valid or invalid.

4.2,7 Data covered-by 4.2.6 shall be considered valid if no conclusive evidence
to the contrary can be found.

4.3 Data Correction

4.3.1 in rare circumstances, data may have a known quantifiable bias. They may
be corrected only if all of the following conditions are met:

. The bias must have an identifiable cause.
The bias must have a clearly defined beginning and ending time.

The data in question must meet the criteria of 4.1.1 - 4.1.4 or 4.2.1-
4.2.4. '

. The data must be greater than the LDL of the instrument (air quality
data only).

Some examples of a quantifiable bias are improper scale factor for data
reduction, incorrect analysis of gas cylinder used for calibration, and clearly
documented analyzer zero drift.

mwa7\SOPs\2990 Page 4 of 5 Revision: 5



— SOP NUMBER: 2990

4.3.2 When any data corrections are made (baseline adjustments or any other
justifiable adjustment), all audit or precision calibration results, performed
during the period of data adjustments, should also be adjusted by the same
amount as the data. This procedure wili adjust the audit and precision data
to accurately reflect the true accuracy of the monitored data residing in the
valid data base.

5.0 QUALITY CONTROL

This procedure provides for the validation of air quality and metecrological monitoring data.
As such, it is itself a guality control procedure.

6.0 DOCUMENTATION

6.1 The original, unedited data shall remain retrievable following validation, and the
rationale and methodology associated with any differences between the original data
and the final validated data shall be permanently documented.

6.2  All validated data and associated reports will remain in the project files for a period to
be determined on a project-specific basis.

70 REFERENCES

. EPA Quality Assurance Handbook for Air Pollution Measurement Systems,
Volumes |, Il, and IV.

. . N
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— SOP NUMBER: 2991
Continuous Air Measurement Data Date:  2nd Qtr., 1993
Reduction and Editing Revision Number: 1
Author: Leo Gendron
Discipline:  Air Measurements
1.0 APPLICABILITY

This document describes the standard ENSR procedures for the reduction and editing of
continuous air quality and meteorological data. The specifics of where this process occurs
(i.e., the field or in the office) and by whom will be omitted. These factors are determined by
the specific project request.

The procedures described herein are applicable to most air measurements programs.
More.stringent or more elaborate procedures may be dictated by the QA program plan for a
specific project or by client request. Otherwise, this procedure should be followed.

2.0 PURPOSE
Raw data is edited for the following purposes:
. identify and delete gross errors that have resulted from equipment malfunction,
power failures, maintenance, audits and calibration activities;
. delete data periods that are erroneous as a result of digital acquisition or
communication malfunctions;
. determine consistency of data between different modes of data records (i.e.,
between digital and strip chart records);
. determine consistency of data with National Weather Service data or with customary
diurnal effects; and
o analyze and apply any adjustments to raw data that are technically justified and
supported by adequate documentation.
3.0 DOCUMENTATION
All editing actions taken must be documented with supporting reasons as required input to
data validation (ENSR SOP 2990).

U\WP\2000\2450-017_Basin_NexGen\2681 Data Reduction.doc Page 1 of 3 : Revision 1




_| SOP NUMBER: 2991

4.0 PROCEDURE

Any apparent instrument or data handling problems in the field should be communicated in
writing to the appropriate field supervisor with a copy to the responsible program manager.

4.1 Historical Network

For those projects where-strip charts are the primary data retrieval system the followmg
procedures must be followed:

. the strip charts must be marked for day changes (hour changes must also be
marked in the event of non-timed chart paper or time problems)

. both ends of each chart must be identified as to network/site/parameter and
inclusive dates and times.

. all periods of invalid data are to be marked off on the strip chart and reasons
documented in a log (may be done in ;the field - see SOP 2630)

. all periods of suspect data are reclassified as either valid or invalid

. charts are then either submitted with appropriate forms to be digitized or are

hand-digitized

4.2 Digital Network - Real Time Data Logger etc.

4.2.1 A hard copy print out for each parameter-month should be obtained. Field
station logs and back-up strip charts (if applicable) should be obtained for
review with print-out. Periods of invalid data are to be marked and reasons
documented. Periods of suspect data are reclassified as either valid or
invalid.

5.0 DATA CHECKING

5.1 At least two values from each parameter month shall be checked against the

‘ redundant system, to -assure that the data are correct with respect to identification.
Any 1D errors found should be corrected. Reduced values must agree within +2% of
full scale and (+10° on wind direction).

5.2  Where no redundant system exists, in addition to the check for complete and correct
identification, at least 5% of the reduced values from each data month shall be

UAWP\200012450-017_Basin_NexGen\2991 Data Reduction.doc Page 2 of 3 Revision: 1



_ | SOP NUMBER: 2991

checked against the strip chart by a person different from the one who digitized the
chart. Tolerance or agreement is the same as in 5.1.

5.3  Ifthe tolerance is exceeded in either the above, the correct value shall be inserted
into the data base and one additional pair shall be checked. If these values also
disagree, the entire data month must be checked and revised as necessary.
Otherwise, steps 5.1 and 5.2 are complete.
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SOP NO: 4000-000 -

Data Validation of Air Quality and
Meteorological Data

ENSR Consulting and Enaineering

Date:
Revision No:
Author:

Discipline:

January, 2007
a4
Vincent Scheetz

Air Monitoring

1.0 Purpose and Applicability

This procedure defines minimum standards for acceptance of air quality and
meteorological data from continuous monitors. Acceptance criteria for high volume
particulate samples are given in ENSR SOP 2629-201, Filter Processing Method
for the Determination of Suspended PM;, SSI Particulate Values.

For some projects more stringent validation criteria may be imposed by the Quality
Assurance Project Plan (QAPP) or Contract. In such cases, the more stringent

criteria supersede this SOP.

2.0  Minimum Standards for Acceptance of Continuous Air Quality Data

2.1 Back-up Documentation (must exist)

» The Field Station Log for the period under review,

A field data assessment record,

period under review,

» Precision and Level 1 Span checks (at least two per month),

site (e.g., Monitoring Plan).

if any of the above documentation is unavailable, the affected data shall be
considered suspect and shall not be validated until further review and

A multipoint calibration or audit data sheet dated within three months of the

Hard-copy raw data (e.g., strip charts and/or data logger printout),

Documentation of siting and physical and electronic configuration for the

investigation demonstrates its validity.

2.2 Accuracy

In the absence of a specific accuracy limit imposed by the QAPP or other
project-specific controlling document, the following applies:

R:AQFILES'SOPs
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- SOPNO: 4000-000 : ENSR Consulting and Engineering

Data are invalid’ if: 1) Span 4% > +15%,
Or 2) Baseline > £3% of full scale from designated

Exceptions
Data points > 100 ppb will not be discarded solely on the basis of the zero criterion;
Data points < 20 ppb will not be discarded solely on the basis of the span criterion;
Data deletions or other changes shall not be implemented solely on the basis of
audits, precision checks or calibration tracking (Level Il span checks).
Data decisions will be primarily based upon dynamic calibration checks
of the analyzers.
2.3 Completeness
The absolute minimum portion of an hour that can represent a valid hourly

average is 45 minutes. Minimum completeness criteria for other
averaging periods are listed below:

Averaging Period Minimum
1-hour 45 min
3-hour 3 valid hours
8-hour 6 valid hours
24-hour 18 valid hours
3.0 - Minimum Standards for Acceptance of Meteorological Data
3.1 Back-up Documentation
= Calibration data sheet dated within 6 months of the period under review
» Field station log for period under review
= Documentation of siting and physical and electronic configuration of the site
- (e.g., Monitoring Plan)

If any of the above documentation is unavailable, the affected data shall be
considered suspect and shall not be validated until further review and
investigation demonstrates its validity.

3.2 Accuracy

In the absence of specific accuracy limits imposed by the QAPP or other
project-specific controlling document, the following minimum accuracy
limits apply:
"See exceptions.
RAAQFILES\SOPs Revislon 3: July, 2004
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‘— SOP NO: 4000-000 ENSR Consulting and Engineering —_ |
Instrument
Parameter Validation Limits Accuracy Limits
wind Speed +5 m.p.h. 0.5 m.p.h.
Wind Direction +20° +5.0°
Vertical Wind Speed 2.0 mph 0.5 m.p.h.
Temperature +3.0°C +0.9°F
Temperature Difference +0.3°C +0.18°F
Solar Radiation +10% 5%

3.3 Completeness

The absolute minimum portion of an hour that can represent a valid hourly
average is 45 minutes. Minimum completeness criteria for other
averaging periods are listed below:

Averaging Period Minimum
1-hour 30 min
3-hour 3 valid hours
8-hour 6 valid hours
24-hour 18 valid hours
R:IAQFILES\SOPs Revision 3: July, 2004
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SOP NO: 2000-165 ENSR Consultina and Enaineering
{P Field Calibration: Climatronics Date: 3™ Qtr 2006
Wind Speed System Revision No: 4

_ Author: Vincent Scheetz

Division: Air Quality Monitoring

1.0 PURPOSE AND APPLICABILITY

This document spéciﬁes the procedures used in the field to calibrate or audit a
Climatronics Wind Speed Sensor.

2.0 RESPONSIBILITIES

2.1 Field Technician

2.1.1 It is the responsibility of the field technician to read and perform
the calibration in accordance with the methods and
requirements specified in this and all referenced ENSR
Standard Operating Procedures.

21.2 It is also the responsibility of the field technician to document
the calibration in the field station log, on the strip chart recorder
as well as on any data forms contained within this procedure.

22 Project Manager

2.21 It is the responsibility of the project manager or designee to
ensure that the calibration is performed at the designated
frequency and to ensure that all necessary equipment is
available and properly certified.

2.2.2 It is the responsibility of the project manager or designee to
ensure that all applicable documentation is reviewed for
accuracy and completeness and is reviewed in a timely manner
s0 as to avoid needless loss of data should an error be
discovered.

3.0 REQUIRED MATERIAL

Synchronous Motor or Anemometer Drive (optical coupler) 300-900 RPM
Frequency Counter calibrated within the previous twelve months.
- Oscilloscope
Digital Voltmeter calibrated within the previous twelve months
Frequency Generator
Torque Watch Gauge or Torque Wheel calibrated within the previous twelve
months
Climatronics Instruction Manual

O 00000

o]
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4.0

SOP NO: 2000-165 ENSR Consulting and Endineering
METHOD

4.1

4.2

4.3

4.4

4.5

4.6

Fill out the heading on the Wind Speed Calibration form (Figure 1). Be
sure to record the sensor serial number.

"DOWN" the appropriate channels of the data acquisition system (DAS) to
isolate the calibration challenges from the ambient data base. Be sure to
"UP" the channels following the calibration to resume collection of ambient
data.

Inside the shelter, monitor the wind speed sensor output while the tower
person rotates the wind speed hub at 0, 300 and 900 RPM. Record the
DAS response, counter indication, waveform condition and translator
output voltage, as "Initial".

“NOTE: Wind speed transmitters can be tested inside the shelter if tower

testing is not possible by removing the sensor from the tower and
connecting the wind sensor to the system at the base of the tower.

If any initial readings are out of tolerance (see Table 1), locate the
defective component and replace or adjust. Perform zero and span
checks using switches on the front of the circuit card. If necessary
recalibrate the circuit card according to the specifications designated in the
instrument manual. Record translator output voltage, recorder and DAS
responses on the Wind Speed Calibration form (Figure 1).

Remove the sensor from the cross arm and perform bearing test.

4.5.1 Loosen the cup set screws and remove the cups. Attach the
torque watch or torque wheel to the sensor using the adapter
provided with the torque device.

45.2  Verify the starting torque of the sensor in both clockwise (CW)
and counter-clockwise (CCW) directions. Verify the torque
over the entire azimuth of the sensor. Record the maximum
starting torque in the appropriate space on the Wind Speed
Calibration form. '

45.3 The sensor or bearings should be replaced if the starting
torque is greater than or equal to 0.3 gm-cm.

After installing the new or recertified sensor repeat steps 4.3 - 4.4. Record
the counter indication, waveform condition, translator output voltage,
recorder response and DAS response as "Final”.

Page20f5
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5.0

6.0

7.0

SOP NO: 2000-165 ENSR Consulting and Endineering
QUALITY CONTROL
5.1 All calibration documéntation must be reviewed by the project manager or

designee for accuracy and completeness. Test equipment must be listed
by manufacturer, S/N and calibration date.

5.2 System specifications and acceptance criteria are contained in Table 1.

DOCUMENTATION

6.1 One copy of the completed calibration data sheet should be retained at the
site.

6.2 The strip chart record of the calibration should be anhotated as to

calibration start and end times, significant pen deflections and
identification of the person(s) performing the calibration.

6.3 A record of the calibration should be entered in the station log.

6.4 Calibration stickers should be completed and applied to al calibrated
instrumentation.

REFERENCES

Not applicable
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SOP NO: 2000-165

ENSR Consulting and Enaineering

Tolerances”

0 RPM 300 RPM | 900 RPM
Scope Indication No Waveform Clean Square Wave with 1.5 Amplitude
Counter OHz 150 £ 2 Hz 450 £ 5 Hz
Recorder 0.5 +0.15 MPH 16.3 + 0.5 MPH 47.8 + 0.5 MPH
Translator 0.1 £0.03V 325x01V 95601V
DAS + 0.5 MPH 16.3 + 1.30 MPH 47.8 +£2.90 MPH
Bearing Test <= 0.3 gm-cm

*Vinyl or heavy duty cups

Page4of 5
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INTERNATIONAL

SOP NO: 2000-165

Wind Speed Calibration

ENSR Consulting and Enaineerina

3rd Quarter 2005
Network: Site: Level
Sensor Manufacturer: Model #:
Range: to: mph to voits
Technigians: Date:
‘Initial System Checks
Sensor SN: Props SN:

Bearing Test:

Replaced: '

Sensor SN:

Bearing Test:

Prop

Replaced:

Test E ment

ui

Signature:

Q.C. Review:
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Tolerances*

0RPM- 300 RPM. 900 RPM
Scope Indication No Waveform Clean Square Wave With 1.5 V Amplitude
Counter | OH, 150 1 2H, 450 £ 5H,
Recorder 0.5+0.15 MPH 16.3 £ 0.5 MPH 47.8 + 0.5 MPH
Translator 0.1+£0.03V 32501V 9.56 £ 0.1V
DAS + 0.5 MPH 16.3 £ 1.30 MPH 47.8 + 2.90 MPH
Bearing Test <0.3 gm-cm

*Vinyl or heavy duty cups.
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SOP NO: 2000-166

ENSR Consulting and Engineering

Field Calibration: Climatronics Date: 3rd Qtr. 2006
Wind Direction System

Revision No: 3
Author: Vincent Scheetz

Division: Quality Assurance

21

22

1.0 PURPOSE AND APPLICABILITY

This document specifies the procedures used in the field to calibrate or audit a
Climatronics wind direction sensor.

2.0 RESPONSIBILITIES

Field Technician

211

2.1.2

Itis the responsibility of the field technician to read and perform
the calibration in accordance with the methods and
requirements specified in this and all referenced ENSR
Standard Operating Procedures.

It is also the responsibility of the field technician to document
the calibration in the field station log, on the strip chart recorder
as well as on any data forms contained within this procedure.

Project Manager

221

222

It is the responsibility of the project manager or designee to
ensure that the calibration is performed at the designated
frequency and to ensure that all necessary equipment is
available and properly certified.

itis the responsibility of the project manager or designee to
ensure that all applicable documentation is reviewed for
accuracy and completeness and is reviewed in a timely manner
so as to avoid needless loss of data should an error be
discovered. .

3.0 REQUIRED MATERIALS

Digital Multimeter calibrated within the previous twelve months

Torque Watch Gauge or Torque Wheel calibrated within the previous twelve
months

Theodolite/Transit or Compass

Climatronics Instruction Manual

R:\pubs\sop\2000-166
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4.1

4.2

4.3

4.4

4.5

4.6

4.7

4.6

4.7

SOP NO: 2000-166 ENSR Consulting and Engineering ——]

40 METHOD

Fill out the heading of the Wind Dlrectlon Calibration form (Flgure 1). Be
sure to record the sensor serial number.

"DOWN?" the appropriate channels of the data acquisition system (DAS) to
isolate the calibration challenges from the ambient data base. Be sure to
"UP" the channels following the calibration to resume collection of ambient
data.

[dentify landmarks and their associated angles from the sensor on the
data sheet. Two landmarks approximately 90° apart should be used.
(See 4.12 or 4.13)

Point the vane to the first landmark and:record the translator output, strip
chart recorder response and data acquisition system (DAS) response on
the Wind Direction Calibration form. Point the tail to the landmark and
record as above. Repeat procedure for landmark #2.

Convert the translator output voltage to degrees using the following
equation (assuming a translator output voltage of 10.0 volts):

translator voltage X 540 (1)
degrees = 10

If any of the responses in steps 4.4 and 4.5 vary by more than +5.0° from
the designated value, locate the detective component and replace or
adjust. Perform zero and span checks using switches on the front of the
circuit card. If necessary, recalibrate the circuit card to the specifications
designated in the instrument manual. .

Remove the vane and attach the torque watch gauge or torque wheel to
the wind direction sensor using the adapter provided with the torque
device. Verify the starting torque every 10° until the torque has been
checked over the entire azimuth in both clockwise (CW) and counter-
clockwise (CCW) directions. Record the maximum CW and CCW torques
observed. The maximum allowable torque is 8.0 gm-cm.

Re-install the vane and rotate 2 revolutions CW and stop when system
output reads approximately 510°. Then rotate the vane very slowly CW to
540°. The sensor should switch cleanly with the recorder displaying a
continuous line from near 540° to near 180°. Rotate the vane CCW to
approximately 30° and then very slowly to 0°. The sensor should switch
cleanly, with the recorder trace continuous from near 0° to near 360°.

If maximum starting torque is less than 8.0 gm-cm and other checks are
satisfactory, the same sensor may be reinstalled. When all components
are in place, repeat steps 4.4 and 4.5 record the responses as "final".

R:\pubs\sop\2000-166
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SOP NO: 2000-166 ENSR Consulting and Engineering

4.8

4.9

4.10

Perform zero, span and span 540° checks and record in the appropriate
spaces on the wind direction form.

The system is in calibration if all readings are within £5.0° of the
designated value.

Following calibration and re-instaliation of the sensor, establish the angle
of the sensor cross-arm with the sensor boom extended in the normal data
collection position. Place a permanent marker away from the tower (or
use an established landmark) in direct line with the cross-arm. This
marker can then be used to verify the proper alignment of the cross arm.

Landmark Coordinate Designation Using a Theodolite (Suh Method)

4.10.1 Prior to deployment to the field, use the software "Sundial” to
produce a table of angles to the sun at various times of the day
given Site latitude, longitude and the day on which the
calibration is to be performed. An example of a printout can be
found in Table 1.

4.10.2 Set the theodolite up at the base of the tower under the wind
direction sensor. :

4.10.3 At the exact 15 minute interval (to the second), site the sun in
the cross-hairs of the theodolite and lock in the scale to the
designated angle to the sun.

4104  Once locked in, the theodolite can now be used to site
landmarks. Angles to these landmarks are obtained by a direct
read off the theodolite 0-360° graduated scale.

4.11 Landmark Coordinate Designation using a Compass (No-Sun
Method)

4111 Determine the correct magnetic declination factor to be
used at the site from the USGS map (Figure 2). If the site
deviation is 10° west, 10° must be subtracted from the
compass reading to determine the true angle. The
compass, in this case, reads 10° more than the true angle.
If the site deviation is 10° east, 10° must be added to the
compass reading to determine the true angle. The
compass, in this case, reads 10° less than the true angle.

Example: To establish 270° with a magnetic declination correction of 10°
west, the compass must read 280° for the true angle of 270°.

Example: To establish 270° with a magnetic declination correction of 10°
east the compass must read 260° for the true angle of 270°.

R:\pubs\sop\2000-166
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411.2 Once the magnetic declination correction is determined, angles
to landmarks can be obtained by sighting "in line" from tower to
landmark and applying the declination correction. Be sure to
stand in line between the tower and landmark but far enough
away from the tower to aileviate any magnetic interference
generated by the metal tower.

4.11.3 Because of the potential errors involved with using a compass
to determine angles, such as magnetic interferences or
misapplication of declination correction, it is recommended to
verify the compass determined coordinates using the "Sun
Method" when conditions are appropriate.

5.0 QUALITY CONTROL

5.1 All calibration documentation must be reviewed by the project manager or
designee for accuracy and completeness. Test equipment must be listed
by manufacturer, S/N and calibration date.

5.2 The maximum allowable system response deviation from the designated
landmark coordinate is 5.0 degrees.

5.3 The maximum allowable starting torque for a wind direction sensor is 8.0
gm-cm.

6.0 DOCUMENTATION

6.1 One copy of the completed calibration data sheet should be retained at the

site.
6.2 The strip chart record of the calibration should be annotated as to

calibration start and end times, significant pen deflections and
identification of the person(s) performing the calibration.

6.3 A record of the calibration should be entered in the station log.
6.4 Calibration stickers should be completed and applied to all calibrated
instrumentation.

70 REFERENCES

Not applicable
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- SOP NO: 2000-166 : ' ENSR Consulting and Enagineering —
FRIDAY 10 NOV 1989 LOCATION Haverhill Met Tower
Longitude 71.1094 Latitude 42.7592
Day of Year 314 Julian Day 2447841
SUN
Declination -17.27 degrees Distance 0.9901004 A.U.
Rises 6:30 EST Sets 16:26 EST

Transit Meridian 11:28:26:EST
Civil Twilight Begins 6:1 EST Ends 16:55 EST

Date Time ~ Elevation Azimuth
11/10/89 8:00 13.3 129.3
11/10/89 8:15 15.4 132.2
11/10/89 8:30 17.4 135.3
11/10/89 8:45 19.3 138.5
11/10/89 9:00 21.1 141.8
11/10/89 9:15 22.8 145.3
11/10/89 9:30 24.3 148.8
11/10/89 9.45 25.7 152.5
11/10/89 10:00 26.9 156.2
11/10/89 10:15 27.9 160.1
11/10/89 10:30 28.8 164.1
11/10/89 10:45 29.5 168.1
11/10/89 11:00 30.0 172.2
11/10/89 11:15 30.2 176.3
11/10/89 11:30 30.3 180.5
11/10/89 11:45 30.2 ' 184.6
11/10/89 12:00 29.9 188.8
11/10/89 12:15 294 192.8
11/10/89 12:30 28.6 196.9
11/10/89 12:45 27.7 200.8
11/10/89 13:00 26.7 204.6
11/10/89 13:15 25.4 208.4
11/10/89 13:30 24.0 212.0
11/10/89 13:45 22.5 215.5
11/10/89 14:00 20.8 218.9
11/10/89 14:15 19.0 222.2
11/10/89 14:30 17.0 2254
11/10/89 14:45 15.0 228.4
11/10/89 15:00 12.8 231.4
11/10/89 15:15 10.6 234.3
11/10/89 15:30 8.3 237.0
11/10/89 15:45 5.9 239.7
11/10/89 16:00 3.5 242.4
11/10/89 16:15 1.0 2449
11/10/89 16:30 -1.6 247.4
11/10/89 16:45 -4.2 2494
Table 1
R:\pubsisop'2000-166 Page 5 of 7 Revision 3



SOP NO: 2000-166 ENSR Consulting and Engineering
Wind Direction
Calibration 00 Audit 0 Other OJ
Network: Site: Date:
Sensor: Model: __Range: to (°) to Volts
DAS: SN: Time Off Line: Time On Line:
Initial System Checks
Level: SN:
Angle Translator DAS
Landmark ¢} {volts) ) (volts) ©)
#1 To #1
From
#2 To
From -
Torque: CW CCw (gm-cmy) Switching OK? Vane Condition:
Bearings Replaced? Yes I No [ Yes 0 NoO NAD Vane Replaced? Yes[d No[
Final System Checks
Level. SN:
Angle Translator DAS
Landmark *) {voits) * {volts) (®)
#1 To#1
From
#2 To
From
Initial Final
Circuit Card Translator (*) DAS (9) Translator (%) DAS (®
Zero
Span
540° (if applicable)
Sensor Qutput Linearity Verification
Rose Dial Response Rdse Dial Response
Translator DAS Translator DAS
0 210
30 240
60 270
90 300
120 330
180 360
Test Equipment
Instrument
Make
Model Signature:
SN
Cal Date QC Review:
Accepted OJ Rejected O
Figure 1
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Figure 2

ENSR Consulting and Endgineering
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1.1

1.2

RESPONSIBILITIES

— SOP NUMBER: 2580-001
Ambient Monitoring Transfer | Date: 3" Qtr., 2006
Standard Flow Meter Calibration Revision Number: 3
Author: Vincent Scheetz
Discipline:  Air Measurements
1.0 PURPOSE AND APPLICABILITY

Flow meters may be calibrated by two different techniques: either against a
primary/secondary standard or against a transfer standard.. For this SOP, a bubble
flow meter or spirometer are primary standards, a wet test meter is secondary
standard, and a mass flow meter or dry gas meter are transfer standards. The
procedures described herein apply to the calibration of a flow meter by any of the
above techniques.

The standard conditions to which the flow meter is to be traceable must be
determined before the flow meter is calibrated. This information can be found in the
Project Monitoring or Quality Assurance Plan or can be received from the project
manager. Typically, standard conditions are 25°C and 760 mmHg, however,
individual project requirements may dictate alternate values.

»

2.0
21 Technician

2.1.1 It is the responsibility of the technician to read and perform the operation in
accordance with the methods and requirements specified in this and all
referenced ENSR Standard Operating Procedures.

2.1.2 It is also the responsibility of the technician to document the procedure in
the field station log as well as on any data forms contained or referred to -
within this procedure.

2.2 Laboratory Manager

2.21 It is the responsibility of the laboratory manager or designee to ensure that
all necessary equipment is available and properly certified.

2.2.2  [tis the responsibility of the laboratory manager or designee to ensure that
all applicable documentation is reviewed for accuracy and completeness
and is reviewed in a timely manner so as to avoid needless loss of data
should an error be discovered.

R:\pubs\mwIa7\scp\2580-001 : Page 1 of 11 Revision 3




SOP NUMBER: 2580-001

3.0 SUPPORTING MATERIALS

Bubble flow meter, Hastings Model No. HBM-1 with multiple tubes or equivalent
Spirometer, Collins, or equivalent

Wet test meter, Precision Scientific, or equivalent

Mass flow meter, Hastings, or equivalent

Stop watch, accurate to £0.001 min

Thermometer, NIST-traceable, accurate to £0.1°C

Clean air supply

Metering vaive

In-line pressure gauge (optional)

Laboratory barometer

4.0 METHOD

4.1 Calibration by Primary or Secondary Standard
4.1.1 Allow the flow meter to warm up for one hour prior to calibration.

4.1.2 Complete the heading information on the appropriate flow meter calibration
form (Figures 1, 2, and 3). Note that "range"” refers to the dynamic range of
the reference instrument. For a bubble flow meter, the range must not
exceed twice the maximum volume/minute. For a spirometer or wet test
meter, the range must not exceed the manufacturer's specifications.

413 if the flow meter being calibrated is a component in a dynamic system, the
entire system must be leak checked prior to initiation of calibration.

4.1.4  Figure 4 is a schematic diagram for the calibration of a flow meter using a
bubble meter, spirometer, or a wet test meter. Any calibration configuration
must be leak tested prior to use.

4.1.5 Calibrate the flow meter at a minimum of 6 points equally spaced over the
dynamic range of the meter. Allow the flow meter to stabilize for a
minimum of 5 minutes at each point before determining the flow.

4.1.6 Take a minimum of three readings at each point. Each of the three

readings must be repeatable to +1%,; if not, identify the problem, correct,
and repeat readings.

41.7 Record the volume, elapsed time, temperature, barometric pressure
correction factor and flowmeter voltage in the appropriate columns for each
calibration point. When performing a rotameter calibration, note on all data
sheets and calibration curves whether top or middle of ball was read.
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4.2 Calculations

4.2.1

4.2.2

423

Calculate the flows for each data point in step 4.1.5 according to the
following equations:

v
Qamp = T

where

Qams is the flow at ambient conditions (cc or #/min);
V = the volume of air (cc or I/min);
t = the time (min).

Correct these values to STP. Determine standard conditions from the
Project Monitoring or Quality Assurance Plan or from the project manager.
Use the conversion factor (conv.) applicable to the particular standard
conditions.

P,—P.-P
mb diff H,0
o = — - ~x(conv)xQ,..,
aimb
or
Qgrp = Correction factor x Q
where

Qsrp = flow (cc or I/min) corrected to standard conditions
Pamb = ambient pressure (mm Hg);
Pus = differential pressure (mm Hg) (wet test meter only);
Przo = water vapor pressure from Table 1, mm(Hg) (bubble meter only);
Tamb = ambient temperature, (°K); °K = °C + 273.15
Qamb = flow rate at ambient conditions (cc or i/min); and
conv. = conversion factor to standard conditions
25°C and 760 mmHg = 0.3923
0°C and 760 mmHg = 0.3594

Calculate the average flow for each calibration point.

Note: Corrections for (Pgx) are factored only when a wet test meter is used
as the standard. Corrections for (P2o) are factored only when a bubble
meter is used as the standard.

J:60006018-031\Moenitoring Plan\SOPs
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4.2.4 Perform a linear regression of the flow meter voltage and resulting flows.
Designate the flow meter voltage "x" and resulting flow "y", producing an
equation in the form:

y=Mx) +b
where

y = flow (cc or I/min)

x = flow meter voltage
m = slope

b = intercept

425 A flow meter calibration must have a correlation coefficient () vaitje of
0.9998 or better. '

4.2.6 Record the manufacturer, serial number and calibration date of all test
equipment used during the calibration on the data sheet.

4.3  Calibration by Transfer Standard

4.3.1 Figure 5 is a schematic diagram for the calibration of a flow meter with a
transfer standard. A transfer standard is a dry gas meter or mass flow
meter that has previously been calibrated against a primary or secondary
standard.

4.3.2 Repeat step 4.2.2, but only one reading is required for each calibration
point.

4.3.3 Complete heading on the calibration form. In the appropriate columns,
record the output voltage of reference flow meter and test flow meter
reading (e.g., voltage for mass flow meter or ball height for rotameter).

43.4 Determine true flow rate (cc or I/min) from the linear regression equation for
the reference flow meter.

43.5 | Repeat step 4.2.4.

4.3.6 Record the manufacturer, serial number and calibration date of all test
equipment used during the calibration on the data sheet.
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5.0 QUALITY CONTROL
5.1 Immediately following calibration, the completed flow meter calibration form is to be
submitted to the laboratory manager or designee for review. Flow calculations and
correction factors are to be reviewed for accuracy. The conversion factors for
standard conditions is to be verified. Standards are reviewed for traceabilfity and the
data sheet is reviewed for completeness.
5.2  Aflow meter calibration must have a correlation coefficient (r°) value of 0.9998 or
greater for acceptance.
6.0 DOCUMENTATION
6.1 The completed and reviewed flow meter calibration form is to be distributed as
follows:
e original to Quality Assurance
s Copy to laboratory files
¢ Copy remains with the flow meter.
7.0 REFERENCES
Not applicable
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SOP NUMBER: . 2580-001 -

(Values for Fractional Degrees Between 50 and 89 OI_:tained by Interpolation)

Table 1
P:z0, Saturation Vapor Pressure Over Water (°C, mm Hg)

Temp °C 0.0 0.2 0.4 0.6 0.8 Temp °C 0.0 0.2 0.4 0.6 0.8
-15 1.436 1.414 1.390 1.368 1.345 43 64.80 65.48 66.16 £66.86 87.56
-14 1.560 1.534 1.511 1.485 1.460 44 68.26 68.97 69.69 70.41 71.14
-13 1.691 1.665 1.637 1.611 1.585 45 71.88 72.62 73.36 74.12 74.88
-12 1.834 1.804 1.776 1.748 1.720 46 75.65 76.43 77.21 78.00 78.80
-11 1.987 1.955 1.924 1.893 1.863 47 78.60 80.41 81.23 82.05 82.87
-10 2.149 2.116 2.084 2.060 2.018 48 83.71 84.56 86.42 86.28 87.14
-9 2.326 2.289 2.254 2.219 2.184 49 88.02 88.90 89.79 90.69 91.59
-8 2.514 2.475 2.437 2.399 2.362 50 92.51 93.5 94.4 95.3 96.3
-7 2.715 2.674 2.633 2.593 2.553 51 97.20 98.2 99.1 100.1 101.1
-6 2.931 2.887 2.843 2.800 2.757 52 102.09 | 103.1 104.1 105.1 106.2
-5 3.163 3.115 3.069 3.022 2.976 53 107.20 | 108.2 109.3 110.4 111.4
-4 3.410 3.359 3.309 3.259 3.211 54 112.51 | 113.6 114.7 115.8 116.9
-3 3.673 3.620 3.567 3.514 3.451 55 118.04 | 119.1 120.3 121.5 122.6
-2 3.956 3.898 3.841 3.785 3.730 | 56 123.80 | 125.0 126.2 127.4 128.6
-1 4.258 4.196 4135 4.075 4.016 57 129.82 | 131.0 132.3 133.5 134.7
-0 4.579 4,513 4.448 4.385 4.320 58 136.08 | 137.3 138.5 139.9 141.2
0 4.578 4.647 4715 4.785 4.855 59 142.60 | 143.9 145.2 146.6 148.0
1 4.926 4.998 5.070 5144 5.219 60 149.38 | 150.7 152.1 153.5 155.0
2 5.294 5.370 5.447 5.525 5.605 &1 156.43 | 157.8 159.3 160.8 162.3
3 5.685 5.766 5.848 5.931 6.015 62 163.77 | 1656.2 166.8 168.3 169.8
4 6.101 6.187 8.274 6.363 6.453 63 171.38 | 172.9 174.5 176.1 177.7
5 6.543 6.635 6.728 $5.822 6917 64 179.31 180.9 182.5 184.2 185.8
6 7.013 7.111 7.208 7.309 7.411 65 187.54 | 189.2 190.9 192.6 194.3
7 7.513 7.817 7.722 7.828 7.936 66 196.0¢ | 197.8 199.5 201.3 203.1
8 8.045 8.155 8.267 8.380 8.494 67 204.96 | 206.8 208.6 210.5 212.3
9 8.609 8.727 8.845 8.965 9.086 68 21417 | 216.0 218.0 219.9 221.8
10 9.209 9.333 9.458 9.585 9.714 69 223.73 [ 225.7 227.7 229.7 231.7
11 9.844 9.976 10.109 10.244 10.380 70 233.7 235.7 237.7 239.7 241.8
12 10.518 | 10.658 10.799 10.941 11.085 71 243.9 246.0 248.2 250.3 252.4
13 11.231 | 11.379 11.528 11.680 11.833 72 254.6 256.8 259.0 261.2 263.4
14 11.987 | 12.144 12.302 12.462 12.624 73 265.7 268.0 270.2 272.6 274.8
16 12.788 | 12.963 13.121° 13.290 13.461 74 277.2 279.4 2818 284.2 286.6
16 13.634 | 13.809 13.987 14.166 14.347 75 289.1 281.5 294.0 296.4 298.8
17 14.530 | 14.715 14.903 15.092 15.284 76 301.4 303.8 306.4 308.9 311.4
18 15.477 | 15.673 15.871 16,071 16.272 77 3141 316.6 319.2 322.0 324.6
19 16.477 | 16.685 16.884 17.105 17.319 78 327.3 330.0 332.8 335.6 338.2
20 17.635 | 17.753 17.974 18.197 18.422 79 341.0 343.8 346.6 349.4 352.2
21 18.650 | 18.880 19.113 19.349 19.587 80 355.1 368.0 361.0 363.8 366.8
22 19.827 | 20.070 20.316 20.565 20.815 81 369.7 372.6 375.6 378.8 381.8
23 21.068 | 21.324 21.583 21.845 22.110 82 384.9 388.0 391.2 394.4 397.4
24 22.377 | 22.648 22.922 23.198 23.476 83 400.6 403.8 407.0 410.2 413.6
25 23.756 | 24.039 24.326 24.617 24.912 84 416.8 420.2 423.6 426.8 430.2
26 25.209 | 25.509 25.812. 26.117 26.426 85 433.6 437.0 440.4 444.0 447.5
27 26.739 | 27.055 27.374 27.696 28.021 86 450.9 454.4 458.0 461.6 465.2
28 28.349 | 28.680 29.015 29.354 29.697 87 468.7 472.4 476.0 479.8 483.4
29 30.043 | 30.392 30.745 31.102 31.461 88 487.1 491.0 494.7 498.5 502.2
30 31.824 | 32.11 32.561 32.934 33.312 89 506.1 510.0 513.9 517.8 521.8
31 33.695 | 34.082 34.471 34.864 35.261 90 525.76 | 529.77 | 533.80 537.86 541.95
32 35.663 } 36.068 36.477 36.891 37.308 91 546.06 | 550.18 | 554.35 558.53 562.75
33 37.729 | 38.155 38.584 39.018 39.457 92 566.99 | 571.26 | 575.55 579.87 584.22
34 39.898 | 40.344 40.796 41.251 41.710 93 | 588.60 | 593.00 | 597.43 601.89 6506.38
35 42,175 | 42.644 43.117 43.595 44.078 94 610.90 | 615.44 1 620.01 624.61 628.24
36 44.563 | 45.054 45.549 46.050 46.556 95 633.90 | 638.59 [ 643.30 648.05 652.82
37 47 Q067 | 47.582 48.102 48.627 49.157 g6 657.62 | 662.45 | 667.31 672.20 677.12
38 49.692 | 50.231 50.774 51.323 51.879 97 682.07 | 687.04 | 692.05 697.10 702.17.
39 52.442 | 53.009 53.580 54.156 54.737 98 707.27 | 712.40 | 717.56 722.75 727.98
40 55.324 | 55.91 56.51 57.11 57.72 99 733.24 | 738.53 | 743.85 719.20 754.58
41 58.34 58.96 59.58 60.22 60.86 100 760.00 | 765.45 | 770.93 776.44 782.00
42 61.50 62.14 62.80 63.46 64.12 101 787.57 | 793.18 | 79882 804.50 810.21
Handbook of Chemistry and Physics, 45" Edition, Chemical Rubber Publishing Corpany, 1965
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Figure 1

Em::

Date: *

Flow Meter Calibration by Wet Test Meter

Technician: |

Facility:

|

: Calibration Gas:§

Text Flow Meter
Mig
Model
Type
Mfg SIN
ENSR S/N
Reference instrument;
Mfg
Model
Mfg S/N
ENSR S/N
Range

Test Flow Meter to be Used with the Following
Instrument

Mfg.

Model

Mig S/N

ENSR S/N

Volume Lapsed
Displaced Time

Press.
Ditt.

Amb.
Press.

Temp. Water Correc. Flow Test Flow Meter

Vap. Press. Factor Rate
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Figure 2

Flow Meter Calibration by Bubbie Flow Meter

Date: Technician:
Facility: Calibration Gas:
Test Flow Meter: Test Flow Meter to be used with the Following
Instrument:
MFG MFG
Model Model
MFG S/N MFG S/N
ENSR S/N ENSR S/N
Referenced |Instrument:
MFG
Model
MFG S/N
ENSR S/N
Range
Bubble Flow Meter Test Flow Meter
Volume Lapsed | Press Amb Amb Correc Flow
Displaced | Time H20 Press Temp Factor Rate
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Figure 3

Em@

i
Date: |

Flow Meter Calibration by Mass Flow Meter

Facility: i

i
| Technician: !

I Calibration Gas:

1
|
j

Text Flow Meter
Mfg

Test Flow Meter to Be Used with the Following

Model

Mfg S/N

ENSR S/N

Reference Instrument:
Mig

Model

Mig S/N

ENSR S/N

Rangé

Instrument

Mtg.

Model

Mfg S/N

ENSR S/N

Reference Mass Flow Meter

Test Flow Meter

Voltage, Vo

Flow Rate, /min
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Figure 4
Flowmeter Calibration with a Primary/Secondary Standard
Thermometer
Reference
Flowmeter Differential Test
@ Pressure Manometer Flow-
(Wet Test Meter Only) meter
«, _‘7
N
N
|
Pressure
. Gauge
P
Metering
Clean Air Vaive
Supply
M820225-figs
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Figure 5
Flowmeter Calibration with Transfer Standard

DMM
a-» Flowmeter

Open to Ambient Air

Test
Flow-
meter

Pressure Gauge
(Optional)

m -—

MFM Power Supply
and Meter
120 VAC
- ; Reference Flowmeter
Clean Air Supply M\tj:\::\g (Mass Flowmeter Transducer)
M3g0242-Fig 5
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SOP NUMBER: 2580-200
Operation and Calibration of the ' Date: 2006
APl Model 700E Calibrator Revision Number: 00

Author: Vincent Scheetz

Discipline: Air Measurements

1.0 APPLICABILITY
This standard operating procedure is to be used for the field use, operation, and calibration
of the API 700E gas calibration system. This procedure conforms to the requirements of
ENSR SOPs 2600, Field Calibration Control Plan and 2630, Routine Data Collection and
Evaluation and applies to all individuals who are operating this calibration system according
to USEPA guidelines. This standard operating procedure is to be used for calibrating the air
and span flow controllers of the APl Model 700E dilution calibration system, using the BIOS
Model DryCal reference flow standard or other equivalent air flow measuring device. The
APl 700E meets or exceeds USEPA requirements for a Transfer Standard.
11 Flow Standard Calibration

The BIOS must have been certified within the past year.

2.0 RESPONSIBILITIES
2.1  Field Technician

2.1.1 It is the responsibility of the field technician to read and perform the
calibration in accordance with the methods and requirements specified in
the API 700 E Operator's Manual, as well as this and all referenced ENSR
Standard Operating Procedures.

2.1.2 Itis also the responsibility of the field technician to document the calibration
in the field station log and on data forms contained within this procedure.
2.2  Project Manager
2.2.1 Itis the responsibility of the project manager or designee to ensure that the
calibration is performed at the designated frequency and to ensure that all
necessary equipment is available and properly certified.

222 It is the responsibility of the project manager or designee to ensure that all
applicable documentation is reviewed for accuracy and completeness and
is reviewed in a timely manner so as to avoid needless loss of data should
an error be discovered.

02580-100
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SOP NUMBER: 2580-200 .
3.0 REQUIRED MATERIALS
3.1 Equipment required:

3.2

BIOS with a module that covers the range of 0-100 sccm and a module that covers the
range of 0-10 slpm.

Barometer and thermometer

Thermo 700E spreadsheet form

Open end wrench 9/16”

1/4” Teflon tubing/paristolic tubing

Gas cylinder, with associated certification documentation

Pressure reguiator for gas cyiinder

Documentsl
ENSR SOP 2400, Traceability of Standards
Operator's Manual for Teledyne API Model 700E Multigas Calibration System

4.0 METHOD
41  Gas Connection
4.1.1 Connect Calibration gases to the API 700 by following instructions in Section
3.2.4 of the Operator’'s Manual.
4.1.2 Read and Follow instructions in Section 3.2.5 of the Operator's Manual to
connect the gas sample manifold.
4.1.3 When using the O3 generator options of the 700 E, connect additional supply
lines in accord with Section 3.2.6 of the Operator’s Manual.
4.2  Operation Instructions
4.2.1 Power - Turns the AC power on.
4.2.2 The M700E dynamic dilution calibrator requires a minimum of 30 minutes for
all of its internal components to reach a stable operating temperature.
e Perform a functional check according to Section 3. 2.10 of the Operator’s
Manual.
02850-100 Page 2 of 6 ‘ Revision: 0
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INTERNATIONAL

4.3

4.4

4.5

The line power to the Model 700E should not be tumed off. To put the system into standby -
mode make sure no gas mode controls are active and disengage the ozone on/off control.

4.6

4.2.3 The M700E Dynamic Dilution Calibrator generates calibration gases of

Start-up and Operation

Start-up and Operation of the 700E is described in Section 6.0 of the Operator's
Manual. Tests and operating modes available should be studied carefully and the
operator is directed to follow procedures outlined in Section 6.

Calibration

Basic electronic calibration of the M700E Dynamic Dilution Calibrator is performed at
the factory. Normally there is no need to perform this factory calibration in the field;
however, the performance of several of the instruments key subsystems should be
verified periodically and if necessary adjusted. These subsystems are:

Make certain that all data are included on the calibration form and that the activities
are documented in the field station log book.

Standby

Loss of Power

various concentrations by precisely mixing component gases of known
concentrations with diluent (zero air). When the instrument is equipped with
the optional O, generator and photometer, it can also use the gas phase

titration method for generating very precise concentrations of NO2. In either
case, it is necessary to program the concentrations of the component gases
being used into the M700E memory.

* Mass Flow Controllers: The accuracy of the mass flow controller outputs is
intrinsic to achieving the correct calibration mixture concentrations, therefore
the accuracy of their output should be checked and if necessary adjusted
every 6 months (see Sections 8.1 and 8.2 of the Operator's Manual).

* O, Photometer: If your M700E is equipped with the optional O, photometer its
performance should be periodically verified against and external transfer
standard (see Section 8.3 of the Operator's Manual).

* O, Generator: If your M700E is equipped with the optional O, generator, it
should be periodically calibrated (see Section 8.4 of the Operator's Manual).

Documentation

02850-100
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5.0

6.0

7.0

If -a power failure occurs, the Modet 700E will turn on upon resumption of power.

4.7 Remote Operation

Remote operation of the Model 700E is similar to the manual operation. All mode
commands that can be performed manually can be performed remotely, if the remote device
has the capability and is connected as described above.

4.8 Computation of concentrations

The spreadsheet will calculate the necessary flow and setting using the formulas below:

Input X dilution flow
Cylinder Concentration — Input

Gas flow

Gas flow set = Gas flow - b
m

QUALITY CONTROL.
As soon as possible following calibration, the complete calibration form is to be submitted to
the project manager or designee for review. Calibrator set points and dilution calculations

are to be reviewed for accuracy. Standards are to be reviewed for traceability and
completeness. DAS readings are to be reviewed for agreement and completeness.

DOCUMENTATION
6.1 A copy of the completed calibration forms including flow and settings are to be leftin

the shelter.
6.2 Note the occurrence of calibration tasks in the Field Station Log

REFERENCES

API Instruments Inc. Model 700E Multigas Calibration System Instruction Manual.

02850-100
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Spreadsheets (Example)

Station SIv
AP| 700E Flow Calibrations
2/5/05
TANK
JAO1550
NO 30.00 ppm
S02 29.89 ppm
AlR
M= 987.24 B= 43.42 CORR= 0.999991
GAS
M= 0.9598 B= 2157 ___CORR=  0.999995
FLOWS AND SETTINGS
INPUT .~ FLOW = DILUTION ' GASFLOW  GAS
ST L COMINGL o SET e i U COMING S SET
0.450 5000 5.02 771
0.200 5000 5.02 32.7
0.080 6000 6.03 14.5

INPUTS

GAS FLOW = (INPUT*DIL FLOW)/(TANK CONC.-INPUT)
FLOW SET = (FLOW-B)M

02580-100 Page 50f 6
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API 700E BIOS FLOW CALIBRATIONS

SITE: SIV "~ DATE:  2/5/2005 SN: 27733-229
DC-1 Rev. E,
FLOW STANDARD: BIOS  MODEL: 6/1/05 SN 426 CERT.DATE 12/12/05
DC-15C Rev E, SN 809
PRESS: 762  MM/HG. - TEMP: 200.0  DEGK
CORR. FAC. (QA TO QSTD = 298/760 * PATA)= = 1.0300"
AIR FLOW METER GAS FLOW METER
FLOW ~ FLOW  DISPLAY . | FLOW .. FLOW ~ DISPLAY. . ==
- ACCM: STD/CCM- (AIR) -~ ~VOLTS| =~ ACCM. . STD/CCM. . . (GAS) .= VOLTS
1914 1971 1.96 0.201 15.5 16.0 14.50 0.152
3857 3973 3.97 0.398 34.5 355 34.70 0.349
- 4824 4969 4.98 0.496 43.9 45.2 44.80 0.447
5761 5934 5.98 0.595 53.3 54.9 54.90 0.546
6734 6936 6.98 0.693 72.2 74.4 75.20 0.743
7700 7931 7.99 0.789 81.3 83.7 85.10 0.834
M= 987.24 M= 0.9598
B= 43.42 B= 2157
CORR= 0.999991 CORR= 0.999995
02850-100 Page 6of 6 Revision: 0
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—1{ SOP NUMBER: 2600-101
Calibration Check or Audit Using Date: 2" Qtr. 1993
a TECO 49 Ozone Transfer . Revision Number: 1
Standard Author:  Tony Sacco
Discipline: Air Toxics Measurements
1.0 PURPOSE AND APPLICABILITY

This document describes the procedures used to perform a field calibration check or audit of
an ozone analyzer using a TECO 49 as a calibration standard and fuifill the requirements of
ENSR SOP 2600, Field Calibration Control Plan.

2.0 RESPONSIBILITIES
2.1 Field Technician

2141 It is the responsibility of the field technician to read and perform the
calibration in accordance with the methods and requirements specified in
this and all referenced ENSR Standard Operating Procedures.

21.2 It is also the responsibility of the field technician to document the calibration
in the field station log, on the strip chart recorder as well as on any data
forms contained within this procedure. ‘

2.2 Project Manager

2.2.1 It is the responsibility of the project manager or designee to ensure that the
calibration is performed at the designated frequency and to ensure that all
necessary equipment is available and properly certified.

22.2 Itis the responsibility of the project manager or designee to ensure that all
applicable documentation is reviewed for accuracy and completeness and
is reviewed in a timely manner so as to avoid needless loss of data should
an error be discovered.

3.0 REQUIRED MATERIALS

. Reference TECO 49, certified as a transfer standard, within the previous three
months with current certification data.

) Air supply pump with fresh charcoal column and particulate filter,

. Approximately four feet of 1/4" teflon tubing for air supply

o Approximately four feet of 1/4" teflon tubing vented to atmosphere using a fluoroware
tee. This tubing should be "seasoned" to ozone.

. Digital Voltmeter (DVM) calibrated within the previous tweive months

Ri\pubs\mwa7\s0p\2600-101 Page 1 0f 8 Revision 1




SOP NUMBER: 2600-101

. 0,-UV Photometer form (Figure 1)
. ENSR SOP 2600, Field Calibration Control Plan
. ENSR SOP 2901-001, Documentation of Field Calibration of Air Quality
Instrumentation
4.0 METHOD
4.1 Set-Up

41.1 Set the reference TECO 49 on a table or other level surface and attach
power cord to the rear of the analyzer and to power outlet. Attach a
particulate fiter to the sample port. Remove the protective caps from the
exhaust, clean air, ozone and vent ports. Turn power switch on.

41.2 Set up the pump, charcoal column, and particulate filter so that air from the
pump travels first through the charcoal, and then through the filter. Attach
the air supply line to the port labeled "ZERO AIR" in the center of the rear
panel. Do not turn the pump on.

4.1.3 Open the front panel door which will expose the zero/span controls of the
TECO 49. Set the ieft hand toggle switch to "sample" and the right hand
three position toggle switch to the center "ZERO" position.

4.1.4  From this point, the ideal situation would be to allow the TECO 49 to warm-
up overnight. If this is not possibie the reference TECO 49 will require at
least one hour to warm-up.

41 ;5 Refer to Section 1l of the TECO 49 manual for the functions related to the
front panel test buttons. Verify the proper operation of the analyzer by
observing the Test A, Test B, Test P/T, Test Noise and Test A/B disptays.

41.6 Depress the "Run PPB" and "P/T ON" front panel buttons. Ensure that the
“Remote" button is NOT engaged.

4.1.7  After the warm-up, set the left hand toggle switch to "SPAN/ZERQ" and turn
on the clean air pump and allow the reading in the display window to
stabilize. This is the zero-offset. Review the certification documentation for
the reference TECO 49. Verify that the observed zero offset is within 4
ppb of the zero offset documented in the reference TECO 49 certification
(y-intercept in linear regression). If it is not, the zero air supply may be
contaminated or the reference TECO 49 may require more warm-up time.

4.1.8 The flow through the ozonator is controlled by regulating the pressure
through a glass capillary (goid). There must be sufficient air flow to

R:\pubs\mw97\sop\2600-101 Page 2 of 8 Revision: 1
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4.2

accommodate the reference TECO 49 (1-3 SL.PM), the analyzer under test
and an excess of at least 1 SLPM at the "VENT" port. Flow is adjusted by
the pressure regulator located inside the TECO 49 (higher pressure
increases flow). If there is some concern as to whether or not flow is
adequate, connect a rotameter to the "VENT" port when flow is being
supplied to both the reference TECO 49 and the test analyzer to verify
positive pressure.

Calibration Check/Audit

4.2.1

4.2.2

4.23

424

425

Reconfigure the digital data acquisition system (DAS) such that the audit
challenges are excluded from the valid ambient data base. Label the strip
chart with date, local standard time, initials, employee # and "start audit* or
“start calibration check”. Note all activities in the Field Station Log.

Attach a 1/4" teflon line from the "OZONE" port on the rear panel of the
reference TECO 49 to the sample port of the test analyzer. This line should
be the same one used to connect the test analyzer to the sample
distribution manifold with the sample line filter (if one is used) kept in the
system. Connect a 1/4" line from the "VENT" port of the reference

TECO 49 to the exhaust manifold of the shelter (or other suitable shelter
exhaust). The analyzer is now receiving zero air from the reference

TECO 49. Leave the analyzer in sample (operate) mode throughout the
calibration/audit.

Once the analyzer under test has leveled off and is giving a stable
response to zero air as indicated by two consecutive five minute averages
from the DAS which agree within 1 or 2 ppb and/or a straight line on the
strip chart, take five consecutive readings from the reference TECO 49 and
record them on the data form in the column designated as "display.
Average the five readings and enter this value in the "Average" column.
Using the certification data, calculate the true input ozone concentration
from the average display.

Record the analyzer reading as indicated on the DAS, in volts (DVM) if
there is no digital DAS and strip chart percent (%) full scale. Mark the strip
chart to indicate true input concentration and analyzer response.

Set the reference analyzer "Ozone Level" toggle switch to the A position
and adjust the "set Level A" potentiometer for an ozone concentration of
0.350 - 0.450 ppm.
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4.26

427

4.2.8

4.2.9

4.2.10

4.2.11

4,212

NOTE: The actual O; level (ppm) is determined from the certification data
for the reference Photometer. This certification package will contain an -
equation for determining true ozone concentration from the display reading.

Once the analyzer is giving a stable response to this O; level, as indicated
by two consecutive five minute averages from the DAS which agree within
1 or 2 ppb and/or a straight line on the strip chart. Take five consecutive
readings from the reference TECO 49 display, and record them under
"‘Display". Average these readings and record the result under "Average."
Using the certification data, calculate the true input ozone concentration
from the average display reading. Now enter the corrected reading under
Corrected O3 input (ppm).

Take the analyzer reading as indicated on the DAS, in volts (DVM) if there
is no digital DAS and strip chart percent (%) full scale. Mark the strip chart
to indicate true input concentration and analyzer response.

Repeat steps 4.2.5 - 4.2.7 for 0.150 - 0.200 ppm and 0.030 - 0.080 ppm.

If the percent difference (A%) between the analyzer output and the input O,
concentration is less than 5.0% at all points, the analyzer is in calibration
and no further action is required.

Set the "Ozone Level" toggle switch to the "ZERO" position. Take 5
consecutive readings from the reference TECO 49 and average them.
Enter the average on the form under "Display”. Verify that the zero has not
changed by more than 3 ppb. If the zero has changed, the reference
TECO 49 had not been properly warmed up when the first reading was
taken, and steps 4.2.5 through 4.2.8 should be repeated.

Disconnect the sample line from the reference TECO 49 and reconnect it to
the sample manifold. Be sure the line protrudes into the middle of the
manifold and that the compression nut is tight.

Reconfigure the DAS to begin collecting valid ambient data. Mark the strip
chart "end audit" or "end calibration check”, mark initials, empioyee #, end
time and date. Note results in station log and leave a completed copy of
the data sheet at the site.

4.3  Troubleshooting (Calibration Check Only)

4.3.1

If the analyzer is a Dasibi and the percent difference at any point is greater
than 5.0%, perform the following checks:
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4.4

4.3.2

4.3.3

System Leak Check - Remove the sample line from the rear fitting and seal
the opening with your finger. The sample flow, as indicated on the sample
rotameter should drop to zero. If it does not, there is a leak in the system
which must be repaired. Then return the sample line to the sample port.

Solenoid Valve Leak Test - The system leak check will not detect leaks
across the solenoid vaive. To check for leaks in the valve, remove the
sample line from sampie inlet connector and then remove the scrubber.
Block the fitting on the side of the solenoid where the scrubber was
connected with your finger. The flow on the rotameter should drop to zero
for 1/2 of the measurement cycle and return to its original flow for the other
half. '

Now block the tee on the other side of the solenoid where the other side of
the scrubber was connected and at the same time block the sample inlet
connector. Again the flow should drop to zero for 1/2 cycle. If the flow
does not drop all the way io zero, there is a leak across the solenoid and it
should be replaced.

Return the scrubber to its position and reconnect the sample inlet to the
valve. Then repeat step 4.3.3 to make sure that no leaks were caused
during this test.

If the analyzer is a TECO 49 and the percent difference at any point is greater than

4.4.1

10%, perform the following checks:

External Leaks

In order to test for the presence of leaks two leak checks must be

“performed. For the first leak check, cap the sample port and flip the left

hand toggle switch to the "sample" position. Cycle the "P/T" button until
pressure is indicated on the LED display. The pressure should drop to
approximately 150 mmHg if there are no leaks. If the pump diaphragm is in
good condition and the capillary is not blocked, it should take less than 20
seconds for the pressure to drop to approximately 150 mmHg. The second
leak check is performed by capping the zero air port, the ozone port and
the vent port. The left hand toggle switch should then be flipped into the
"Zero/Span* position. The pressure as indicated on the LED dispilay should
drop to approximately 150 mmHg.

If leaks are indicated by the leak check, they can best be detected by
carefully tightening each fitting until the leak is found. A gross leak can
often be heard as a "hissing" sound. A weak pump diaphragm should be

RApubs\imwi7\sop\2600-101

Page 50f 8 . Revision: 1




—| SOP NUMBER: 2600-101

replaced (Section VIII-E of the manual). A clogged capillary should be
cleaned or replaced (see Section VIil-5 of the manual).

4.4.2 Leaks Across the Solenoid Valve

Leaks across the solenoid valve can be caused by cold-flowing of the
Teflon across the seat, or by particulates on the seat.

In order to check for leaks through the solenoid, generate an ozone
concentration greater than 1/2 ppm and energize tests A/B pushbutton.
This will display the concentration as determined in each cell individually. If
the TECO 49 has stabilized, the average of ten successive simultaneous
readings should agree to within three (+3%) percent. A constant low
reading from one cell indicates an imbalance. The imbalance can be
caused either by one cell or lines to that cell being extremely dirty or by a
leaky vaive. If cleaning the cells and lines does not correct the imbalance,
a leaky valve is indicated.

443 If it is determined that leaks and scrubber efficiendy are not the cause of
the calibration check faiture, then it is likely that ozone is being consumed
by foreign matter either in the sample line or in the analyzer itself.

Thoroughly inspect all plumbing for dirt. Clean the optics according to
Section V of the manual. If spare 1/4" tubing is available replace the
sample fine. If you haven't already changed the particulate filter element,
do so now.

Make sure the system is leak-free and repeat the calibration check at the
concentration that showed the largest A% in the original calibration check.
If it is now within tolerance, repeat the other points, and if they are all within
tolerance, enter the readings on the data form. If the TECO 49 is still not
within specifications, consult your supervisor for corrective action.

444 Converter Efficiency Check - If you have a spare scrubber, try exchanging it
with the scrubber in the instrument, and repeat the calibration check at a
high concentration. ‘

4.5 In the case of ozone analyzers other than UV photometers, exceedance of +10%
requires that the analyzer be recalibrated. Refer to analyzer-specific procedures.
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5.0 QUALITY CONTROL

5.1 All calibration documentation must be reviewed by the project manager or designee
for accuracy and completeness. Test equipment must be listed by manufacturer,
S/N and calibration date.

5.2  The maximum allowable system response deviation from the designated input is
+10.0%, however, a multipoint calibration should always leave the analyzer
operating within + 5.0% of the designated input.

6.0 DOCUMENTATION

6.1 One copy of the completed calibration data sheet should be retained at the site.

6.2  The strip chart record of the calibration should be annotated as to calibration start
and end times, significant pen deflections and identification of the person(s)
performing the calibration.

6.3  Arecord of the calibration should be entered in the station log.

- 6.4  Calibration stickers should be completed and applied to all calibrated
instrumentation.

7.0 REFERENCES

Not applicable
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Figure 1
Completed O; — UV Photometer Calibration Form
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SOP NO: 2600-137 ENSR Consulting and Engineering

Installation, Calibration and Date: 4™ Quarter 2006

Operation of the Thermo Electron
Model 42i Oxides of Nitrogen
Analyzer

Revision No: 0
Author: Vincent Scheetz

1.0

2.0

PURPOSE AND APPLICABILITY

This procedure is to be followed for the installation, calibration and operation of the
Thermo Environmental (Thermo) 42i Oxides of Nitrogen Analyzer. It conforms to
the requirements of ENSR SOPs 2600, Field Calibration Control Plan and 2630,
Routine Data Collection and Evaluation.

This instrument is an EPA Reference Analyzer only when it is operated under the
following conditions:

e Range: 0-0.5ppm

e Temperature: 20 - 30°C

e Power: 105-125VAC

RESPONSIBILITIES

2.1 Field Technician

2.1.1 It is the responsibility of the field technician to read and conduct the
operation in accordance with the methods and requirements specified in
this and all referenced ENSR Standard Procedures.

2.1.2 It is also the responsibility of the field technician to document the
procedure in the field station log, strip chart recorders and on any data
forms contained within this procedure.

2.2 Project Manager

2.2.1 It is the responsibility of the project manager or desig nee to ensure
that the operation is performed at the designated frequency and to ensure
that all necessary equipment is available and properly certified.
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2.2.21t is also the responsibility of the project manager or designee to
ensure that all generated documentation is reviewed for accuracy,
completeness and adherence to this procedure and is reviewed in a timely
manner so as to avoid needless data loss should an error be discovered.

3.0 REQUIRED MATERIALS

= Instruction Manual Thermo 42i _

ENSR SQP 2600, Field Calibration Control Plan

ENSR SOP 2600-700, Operation of the ENSR Portable Field Calibration
System :

ENSR SOP 2630, Routine Data Collection and Eva!uatioh.

Digital volt meter (Fluke 8020A or equivalent), calibrated within the previous
twelve months

Gas Dilution/Gas Phase Titration Calibration system which has been
calibrated within the previous three months

20 psi. This clean air must contain less than 0.001 ppm of NO, and O;. A
cylinder of pressurized Z-1 air may be used in place of the clean air unit.

Calibration gas NO in N (30 - 50 ppm with less than 1.0 ppm NO) certified
traceable to NIST SRM using EPA Protocol 2. The calibration gas must
have been certified within the previous 24 months.

Gas regulator CGA 660

Leak tester capable of supplying a negative pressure of at least 22" Hg
4.0 METHOD .
4.1 Installation _

Refer to Chapter 2 of the Thermo 42i manual for unpacking instructions.

4.1.1 Components which should accompany a complete analyzer includes:

Thermo 42i analyzer
Instruction Manual
Instrument power cord
Reaction chamber pump
Flow accumulator with fittings

Clean Air Unit capabile of generating 10 liters/minute of clean, dry air at '
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4.1.2 Connect the

(2) 1 meter lengths Teflon tubing with nuts and ferrules

(1) 2 meter lengths Teflon tubing with nuts and ferrules

(1) 0.05 meter length stainless steel tubing with nut at one end
WARNING The Model 42i is supplied with a three-wire grounding cord. Under no
circumstances shouid this grounding system be defeated.

(Figure 4-1). Ensure that the sample line is not contaminated by dirty, wet, or
incompatible materials. All tubing should be constructed of FEP Teflon®, 316 stainless
steel, borosilicate glass, or similar tubing with an OD of 1/4-inch and a minimum ID of
1/8-inch. The length of the tubing should be less than 10 feet. -

ENSR Consulting and Engineering

Ozone scrubber with fittings

Air dryer and filter

Interconnect cable

Signal cable (BNC connector)

Photomultiplier high voltage cable (SHV connector)
Accessory box:

sample line to the SAMPLE bulkhead on the rear panel

0

@EI

""%

|)«

‘m

P q

@@@@0.} ) @ )

4.1.3 Connect the
4.1.4 Connect the

pin-outs.

frequency.

Figure 4-1. Model 42 Rear Panel

Note Gas must be delivered to the instrument at atmospheric pressure. It may be necessary to
use an atmospheric bypass plumbing arrangement as shown in Figure 2-4 of the manual.

Verify that there is no restriction in this line.
4.1.5 Connect a suitable recording device to the rear panel connector. See the
“Operation” chapter of the 42i manual for more information about the rear panel

CAUTION: IF THE CONNECTION IS DIFFICULT, YOU MAY BE
INSTALLING THE WRONG CABLE.

4.1.6 Plug the instrument into an outlet of the appfopriate voltage and

air dryer to the DRY AIR bulkhead.
EXHAUST bulkhead to a suitable vent or 0zone scrubber.
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4.2 Leak Checking

Leaks in the pneumatics of the Thermo 42i instrument account for a major
~ portion of its service problems. Consequently, it is essential to know how
to troubleshoot the instrument for leaks.

A leak check device is required which can generate a negative pressure of
22 inches of mercury (Hg). It may be a very simple device consisting of a
pump, shutoff valve and gauge.

4.2.1 The unit is considered to be teak tight if it loses no more than 1 inch
of Hg in one minute. -

4.3 Start-up

4.3.1 Follow the OPERATION instructions as described in Section Il of the
instruction manual. The ideal situation would be to allow the
analyzer to warm up overnight. If this is not possible, then allow the
analyzer to warm up least 90 minutes prior to performing a start-up
calibration and subsequent measurements.

Following the leak check and electronic adjustment, the Thermo 42i
must be calibrated prior to collection of any data.

4.4.1 Perform any maintenance and/or repair of the analyzer described in
the Thermo 42i manual including a pneumatic leak check and
electronic adjustment prior to starting calibration.

4.4.2 Complete the heading section of the Gas Dilution Calibration Form.
Record instrument identification numbers, site information, and all
other pertinent heading information.

4.4.3 Purge the NO gas pressure control regulator and connect the
calibration system for use as described in ENSR SOP 2600-700,
Operation of the ENSR Portable Field Calibration System.

CAUTION: OPERATION OF THIS SYSTEM WITHOUT PROPER PURGING
OF THE REGULATOR WILL RESULT IN AN ERRONEOUS CALIBRATION.

R:\pubs\sop\2600-136 Revision 2
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4.4.4 Analyzer Readings

In all cases analyzer readings should be taken as follows:

From the DAS. System responses should be retrieved and recorded
as five minute average readings. If five minute average readings are
not available, DAS instantaneous voltage readings are to be

retrieved, converted to ppm, and recorded once a stable response is
observed. A response is considered stable when there has not been
more than a 1.0% change over five minutes. DAS readings are used
to determine system response and percent difference.

With a DVM, connected to the appropriate analog output leads on
the analyzer.

4.4.5 The sample rate of the Thermo 42i is 700 +/- 200 cc/min. A
minimum of 1500 cc/min air flow is required to satisfy the analyzer
requirement. Additionally, since gas phase titration is required for a
multipoint calibration of the analyzer, it is recommended that all
titration points be generated at 5000 cc/min difution air.

4.4.6 Calibration gas challenges must be within the following ranges:
zero
. 0.030-0.080
0.150-0.200
0.350-0.450
0.800-0.900*
*Only if analyzer is operating in the zero to 1.0 ppm range.

4.4.7 To perform a muitipoint calibration of the Model 42i, follow
procedures in Chapter 4 of 42i manual and also refer to the Code of
Federal Regulations, Title 40, Part 50, Appendix F.

The calibration technique is based on the rapid gas phase reaction
between NO and O3 which produces stoichiometric quantities of NO2in
accordance with the reaction:

NO + 03— NO2+ O2

The quantitative nature of this reaction is such that when the NO
concentration is known, the concentration of NO2 can be determined.
Ozone is added to excess NO in a dynamic calibration system, and the
NO channel of the chemiluminescence NO-NO2-NOx analyzer is used as
an indicator of changes in NO concentration.

When O3 is added, the decrease in NO concentration observed on the
calibrated NO channel is equivalent to the concentration of NO2 produced.
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Adding variable amounts of O3 from a stable O3 generator can change the
amount of NO2 generated. The section 4 in the 42i manual discusses the
procedure for calibrating the instrument.

*» “Pre-Calibration” on page 4-8 of the manual is the procedure used prior
to calibrating the analyzer.

* “Calibration” on page 4-9 of the manual provides the recommended
procedures for calibrating the analyzer.

« “Zero and Span Check” on page 4-22 of the manual provides the zero
and span check procedure.

4.5 Gas Phase Titration

4.5.1 Fill out all heading information on the NO, Gas Phase Titration Form.

NOTE: IDENTIFY ALL STANDARDS BY SERIAL NUMBER, CALIBRATION
DATE AND CONCENTRATION.

4.5.2 After obtaining a stable zero response from the analyzer, begin by
challenging the analyzer at the highest NO dilution concentration.

4.5.3 Following stabilization of the analyzer to the 0.350 - 0.450 ppm no
challenge, record the reported DAS values for the NO, NO, and NO,
channels in the appropriate spaces of the data form. Turn on the
ozone. Ozone concentrations should initially be increased in
approximately 100 ppb increments and then 25 ppb increments as
the desired concentration is approached to avoid over-titration.
Titration should be monitored on the NO channel and should
continue to within approximately 10% of the NO input.

NOTE: Arecord of [aboratory verification of the ozone generator will be
found with the calibration documentation for the dilution unit.

4.5.4 Allow the titration point to stabilize and record reported DAS values
for the NO, NO, and NO, channels percent full scale for the NO, and
NO, channels in the appropriate spaces of the data form. Shut off
the ozone.

4.5.5 Adjust the dilution system to deliver an NO concentration of
approximately 0.200 ppm. Following stabilization of the instrument
response to this challenge, record the reported DAS values for the
NO, NO, and NO; channels percent full scale for the NO, and NO,
channels in the appropriate spaces of the data form. At this point,
turn on the ozone and titrate to approximately 0.080 ppm of the NO
channel (i.e., approximately 0.120 ppm NO "left"), allow the
instrument response to stabilize and record the reported DAS values
as above.
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4.5.6 The final titration point should now be obtained by turning up the
ozone until approximately 10% of the NO input remains. Allow the
instrument response to stabilize and record DAS values as above.
Shut off the ozone.

4.5.7 Adjust the dilution system to deliver the final NO audit concentration
of approximately 0.080 ppm. Allow the instrument response to
stabilize and record DAS values as above.

4.5.8 Determination of NOz Input

Perform a linear regression of the NO channel audit records,
designating the NO input ppm "Y" and NO response ppm "X". You
will obtain an equation in the form:
Y=MX+B
~or NO input = M (NO response) + b.
Determine the true remaining NO concentration from the NO
channel response to GPT using this relationship. then subtract
that value from the known (calculated) input NO concentration
before the ozone was turned on.
Example 1 - Linear Regression
if NO input = 1.153 x NO response - 0.002 ppm, and NO
channel response to GPT = 0.205 ppm, then true remaining
NO during GPT = 0.234 ppm.

Use this NO channel response curve to find the NO input value
that corresponds to the NO response during GPT.

Exampie 2 - Graph (see Figure 5)

If the NO response is 0.205, Figure 5 indicates that the
corresponding NO input is 0.239 ppm.

4.5.9 Determination of Converter Efficiency

Determine the converter efficiency at each of the titration points
using the following equation: :

% C.E.=(I—A—Ap—‘)x100
] ANO
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Where:

ANO, = the NO, response before the ozone was introduced
minus the NO, response after stabilization on GPT,

ANO = the true NO input before the ozone was turned on minus
the true NO input after stabilization on GPT. The
true NO is that value determined in step 4.5.8.

NOTE: A converter efficiency of 96% or greater is considered
satisfactory, otherwise, corrective action is required. Referto
the Thermo 42i instruction manual for troubleshooting
information and corrective action procedures.

4.6 Verify the operation of the in-station calibration system according to ENSR SOP
2600, Field Calibration Control Plan.

4.7 Disengage the calibrator from the Thermo 42i and reconnect the analyzer to its
normal ambient monitoring configuration.

QUALITY CONTROL

5.1 A muttipoint calibration of the Thermo 42i must always leave the analyzer
operating within +5.0% of the calibration standard input at al! points.

5.2 The converter efficiency must be demonstrated to be greater than 96.0%.

5.3 As soon as possible following calibration, the completed Gas Dilution
Calibration and NO, Gas Phase Titration calibration forms should be submitted
to the project manager, or designee, for review. Calibrator set points, dilution
calculations and NO. inputs are to be reviewed for accuracy. Standards are to
be reviewed for traceability and completeness. DAS and strip chart readings
are to be reviewed for agreement and completeness.

DOCUMENTATION

6.1 All calibration data are to be recorded on the Gas Dilution Calibration and NO,
Gas Phase Titration forms (Figures 3 and 4). These forms must be completed
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and delivered to the project manager, or designee, for review. A copy of the
forms must be maintained in the shelter.

6.2 All activities performed in the shelter must be documented in the Field Station
Log, including date, technician initials and employee number, activities
performed, the time the analyzer was taken off-line and then put back in
service, calibration results as well as any other circumstances which may arise
during the site visit.

6.3 In addition, if there is a strip chart recorder associated with the analyzer, the
following information must be noted on the strip chart:

date

employee initials and number

time off and back on line

reason for taking the instrument off-line, and :

an explanation of each significant deflection of the pen.

O 0O 0 0 0O

REFERENCES

Thermo 42i instrument manual.
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Figure 1
Flow Diagram
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Figure 2
Thermo Electron Modei 14/B/E NO-NQO,-NO, Analyzer
Pneumatic System Diagram
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Figure 3
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Figure 4
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Figure 5
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Operation, Calibration and

‘| Maintenance of the Thermo

Environmental Model 43i SO,
Analyzer

Date:

Revision Number:
Author:

Discipline:

4™ Qtr., 2006
0

Vincent Scheetz

Air Measurements

the following conditions:

2.0 RESPONSIBILITIES

2.1 Field Technician

procedure.

2.2 Project Manager

Ranges: 0.5 and 1.0 ppm

Time Response: Fast and Slow
Ambient Temperature: 20 - 30C
With an Aromatic Hydrocarbon Cutter
Line Voltage: 105 - 125 VAC

1.0 PURPOSE AND APPLICABILITY

The purpose of this document is to provide the procedures for the field use of the Thermo
43i SO, analyzer. This procedure conforms to the requirements of ENSR SOPs 2600, Field
Calibration Control Plan and 2630, Routine Data Coliection and Evaluation and applies to all
individuals who are operating this analyzer according to current EPA guidelines.

This instrument is an EPA "equivalent analyzer" for monitoring SO, when operated under

2141 It is the responsibility of the field technician to read and perform the
operation in accordance with the methods and requirements specified in
this and all referenced ENSR Standard Operating Procedures.

21.2 It is also the responsibility of the field technician to document the procedure'
in the field station log as well as on any data forms contained within this

21.3 It is the responsibility of the field technician to read and perform the
operations, including unpacking and installation, in accordance with the
instruction manual for the Thermo Anderson Model 43i analyzer.
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| SOP NUMBER: 2600-225

2.2.1 It is the responsibility of the project manager, or designee, to ensure that
the operation is performed at the designated frequency and to ensure that
all necessary equipment is available and properly certified.

2.2.2 It is the responsibility of the project manager, or designee, to ensure that all

applicable documentation is reviewed for accuracy and completeness and
is reviewed in a timely manner so as to avoid needless loss of data should
an error be discovered.

3.0 SUPPORTING MATERIALS

. Model 43i instruction manual

. Leak checker capable of producing a negative pressure of 10 mmHg

. Fluke 8020A digital multimeter (DVM) or equivalent

. Gas Ditution System - (ENSR Gascal 82 or equivalent) and calibration data certified
within the previous 3 months in accordance with ENSR SOP 2600

. SO; Gas Cylinder - 40-50 ppm NIST-traceable, certified within the previous 24
months using EPA Protocol 1

. Assorted hand tools

. ENSR SOP 2600, Field Calibration Control Plan _

. ENSR SOP 2600-700, Operation of the ENSR Portable Field Calibration

. ENSR SOP 2630, Routine Data Collection and Evaluation System

4.0 METHOD

Prior to starting any calibration or calibration check as required for routine operation,
perform maintenance tasks as required. Routine tasks include inspection of the flow
capillary and repfacement of the sample line filter. These tasks should be performed
weekly.

4.1 Leak checking

It is advisable to perform a leak check on the pneumatics of the Thermo 43i when leaks are
suspected as well as part of a multipoint calibration. This may be accomplished through the
use of an ENSR leak check device or other suitable device capable of providing negative
pressure for the purpose of leak checking.

41.1 Connect the leak check device to the EXHAUST port of the 43i and plug off
all other ports.
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4.1.2

413

414

NOTE: Leak checks should be performed with the analyzer power
shut off.

Generate a negative pressure of approxumately -10.0 "Hg and close off the
valve to the analyzer.

Observe the gauge on the leak check device. The leak rate must be less
than 1" per minute. if the rate of leakage is more than 1" per minute,
tighten fittings and all connectors. [f this does not fix the leak, apply a small
positive pressure (less than 3.0 PSI) and use a leak detector fluid such as
SNOOP or its equivalent to find the leak.

Disconnect the leak check device from the 43i and reconnect all ports.
CAUTION: DO NOT EXPOSE THE THERMO MODEL 43i TO MORE

THAN 3.0 PSI POSITIVE PRESSURE OR LESS THAN -10.0 "Hg
NEGATIVE PRESSURE

4.2  Operation

4.2.1

4,2.2

423

If initial start up of the instrument, allow at least 1 hour (preferably
overnight) for the instrument to stabilize prior to calibration.

Set the range to the appropriate setting (0.5, 1.0 ppm). The operating
range should be defined in the Project Monitoring or Quality Assurance
Plans.

Set the time constant switch to either slow (4 minute response) or fast (2
minute response). During calibration it is recommended to choose the fast
response time constant.

4.3 Calibration

4.3.1

4.3.2

Fill out the heading information of the Gas Dilution Calibration Form (Figure
1). Calcuiate the flow settings for the calibration system in order to produce
the desired concentrations of SO, according to ENSR SOP 2600-700,
Operation of the ENSR Portable Field Calibration System.

A minimum of 1600 cc/min dilution air flow is recommended to satisfy the
analyzer flow requirement with excess flow vented to the atmosphere.
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4.3.3 Calibration gas challenges must be within the following ranges:
zero
0.030-0.080
0.150-0.200
0.350-0.450
0.800-0.900*
* Only if analyzer is operating in the zero to 1.0 ppm range.
43.4 Dilution Calibration
The flow calculation when a dilution system is being used is:
C= Ccyl > FSOz
1 F SOz+ Fo
Where:
C =the desired SO, concentration (ppm)
Ccyl = the SO, concentration in the calibration gas cylinder (ppm)
Fsoz = the flow of SO, gas from the gas cylinder (cc/min)
Fp = the flow of dilution air (cc/min)
435  Note start and end times of the calibration in the Field Station Log.
4.3.6  Analyzer Readings
In alt cases analyzer readings shouid be taken from the DAS. System
responses should be retrieved and recorded as five minute average
readings. If five minute average readings are not available, DAS
instantaneous voltage readings are to be retrieved, converted to ppm, and
recorded once a stable response is observed. A response is considered
stable when there has not been more than a 1.0% change over five
minutes. DAS readings are used to determine system response and
percent difference.
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4.3.7

4.3.8

4.3.9

4.3.10

4.3.11

4.3.12

Set the calibration system to produce "zero" air. Connect the output of the
calibrator to the SAMPLE inlet of the Thermo 43i through as much of the
sample pneumatics as practical. Be certain that all filters and scrubbers
usually in the system are included.

Vent the excess calibrator output with a manifold or tee to the exhaust
system of the shelter. Keep the delivery pressure to the analyzer as close
to atmospheric pressure as possible. Do not subject the analyzer to
positive or negative pressures of more than 0.5" H,O. When the analyzer
has stabilized, record the output response in the appropriate space of the
calibration form.

Following stabilization, set the background concentration. The SO2
Background Correction is determined during zero calibration. The Calibrate
S0O2 Background screen is used to adjust the SO2 background, or perform
a “zero calibration”. Before performing a zero calibration, ensure the
analyzer samples zero air for at least 5 minutes.

In the Main Menu, choose Calibration > Cal SO2 Background.
* Press to set the new reading to zero.
* Press to return to the Calibration menu or to return to the Run screen.

A calibration gas system capable of providing accurate levels of SO2
calibration gas between zero and 80% of the full-scale range is required.
The calibration system must provide a flow rate of at least 0.8 LPM for an
instrument with the standard flow (instruments with higher flow rates will
require a higher minimum calibration system flow rate). All calibration gas
should be derived from local or working standards (such as cylinders of
compressed gas or permeation devices) that are certified as traceable to an
NIST primary standard.

Calculate the percent deviation of the analyzer from the designated input
using the equation and procedure described in Section 4.7.5 of ENSR SOP
2600, Field Calibration Control Plan.

Repeat for each remaining required concentration. Refer to ENSR SOP
2600, Field Calibration Control Plan for procedures relating to the analyzer
response percent difference from caiculated input. A multipoint calibration
must always leave the analyzer operating within +5.0% of the reference
calibrator at all concentrations.
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4.3.13

4.3.14

4.3.15

4.3.16

4.3.17

4.3.18

If the instrument is equipped with the optional zero/span and sample
valves, connect the zero and span gas to the rear panel bulkheads labeled
ZERO and SPAN, otherwise connect a source of vented zero air to the
SAMPLE bulkhead. The display keys are used to activate the zero and
span valves. The lower left-hand corner of the Run screen indicates which
mode is active: zero, span, or sample.

To ensure that the zero air is being measured at atmospheric pressure,
check that the zero air flow is approximately 0.8 LPM (zero air flow must
be slightly greater than instrument sample fiow).

Press to monitor the zero air reading and wait for the reading to stabilize.

Generate five SO2 concentrations equally spaced between zero and the
concentration above.

Record instrument reading for each concentration after allowing time for
both gas generation system and instrument to stabilize.

Plot a graph of instrument readings against the SO2 concentrations
generated for the high range. This is the instrument cailibration curve. All
future measurements should be interpreted using this curve.

5.0 QUALITY CONTROL

5.1 A multipoint calibration of a Thermo 43i SO, analyzer must always leave the
analyzer operating within +/- 5.0% of the reference calibrator at all cafibration inputs.

5.2  As soon as possible following calibration, the completed Gas Dilution Calibration
form is to be submitted to the project manager or designee for review. Calibrator set
points and dilution calculations are to be reviewed for accuracy. Standards are
reviewed for traceability and completeness. DAS readings are to be reviewed for
agreement and completeness.

6.0 DOCUMENTATION

Comprehensive documentation of the operation and calibration of the Thermo 43i is
achieved by the completion of the following:

. Gas Dilution Calibration form (Figure 1)
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. Noting the occurrence of calibration and maintenance tasks in the Field Station Log,
including start and end times, results and any unusual circumstances which may
affect the operation of the analyzer or collection of data.

7.0 REFERENCES

Thermo 43i instrument instruction manual
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INSERT Figure 1 here.
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Operation of the ENSR Ambient Date: 2™ Qtr., 1994
Monitoring Portabie Field - Revision Number: 1
Calibration Systems Author:  Scott Whittemore
Discipline: Air Toxics Measurements

2.1.1

2.1.2

2.21

2.2.2

1.0 PURPOSE AND APPLICABILITY

This procedure provides instruction on the use of the ENSR portable field calibration
systems 8570 and Gascal 82 and is to be used in conjunction with the individual analyzer
specific calibration standard operating procedure (SOP). It is assumed that the portable
system in use has been calibrated within the previous three months in accordance with
ENSR SOP 2400, Traceability of Standards and that the current calibration data is available
for reference. It is also assumed that during calibration all expendable scrubbing material in
the clean air unit has been examined or recharged to ensure proper function.

2.0 RESPONSIBILITIES

2.1 Field Technician

It is the responsibility of the field technician to.read and perform the
operation in accordance with the methods and requirements specified in
this and all referenced ENSR Standard Operating Procedures.

It is also the responsibility of the field technician to document the procedure
in the field station log as well as on any data forms contained or referred to
within this procedure.

2.2 Project Manager

It is the responsibility of the project manager, or designee, to ensure that
the operation is performed at the designated frequency and to ensure that

- all necessary equipment is available and properly certified.

It is the responsibility of the project manager, or designee, to ensure that all

_applicable documentation is reviewed for accuracy and completeness and

is reviewed in a timely manner so as to avoid needless loss of data should
an error be discovered.
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3.0

4.0

REQUIRED MATERIALS

3.1 Tools/Materials

ENSR portable field calibration system, calibrated within the previous three
months, with calibration documentation

Two crescent wrenches

Assorted swagelock fittings particularly 1/8" and 1/4" nuts and ferrules
(stainless steel)

Approximately 5' of 1/8" teflon tubing

Approximately 1°5' of 1/4" teflon tubing

At least one fluoroware union tee or teflon manifold

Gas cylinders, with associated certification documentation

Pressure regulator for each gas cylinder to be used (with spare washers, if
necessary)

Jackknife or other tool for cutting tubing

Spare activated charcoal column

3.2 Documents

METHOD

ENSR SOP 2400, Traceability of Standards

- Operation Manual for ENSR Portable Field Calibration System

ENSR SOP specific to the individual analyzer under test

4.1 Gas Dilution (with clean air unit)

411

4.1.2

413

414

Set the GCU on a level surface and the CAU on the floor, near the GCU.
Connect 6-8 feet of 1/4" tubing to the AIR IN port of the CAU. Run this line
outside of the shelter.

Connect 2-3 feet of 1/4" TFE tubing from the AIR OUT port of the CAU to -
the AIR IN port of the GCU.

Connect at least 3 feet of 1/4" TFE tubing to the AIR/SPAN OUT port of the

GCU 8570. The other end of the tubing should be connected to a vent

union TEE (S.S. or TFE). The Gascal 82 has a vent port built into the GCU

which can be used to vent the delivery line rather than using a TEE.

Connect a length of tubing from the exhaust manifold to the port of the TEE

straight across from the gas inlet. Connect the 3/8" vent line from the vent
port of the Gascal 82 to the exhaust manifold.

R:\pubs\mwa7\sop\2600-700
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4.1.5

4.1.6

41.7

41.8

4.1.9

Push thie POWER switches off and plug the power cords from the units into
115 VAC 60 Hz power outlet. Turn on the GCU and allow approximately 30
minutes for warm-up.

Regulator Purge - Before using any gas from a cylinder, purge the regulator
as follows:

a. Purge all regulators outside the shelter.

b. Attach the regulator and delivery line to the cylinder. Use a teflon
washer as necessary.

C. Close the delivery valve and open the regulator.

d. Close the cylinder and open the delivery line.

e. Repeat steps b and ¢ at least five times.

f. With the regulator pressurized (cylinder open and the delivery valve
closed), connect the delivery line to the gas inlet port on the dilution
system. It is good practice to open the delivery valve as one is
tightening the delivery line on the dilution system to purge the

delivery fine.

g. If, at any time, the regulator is de-pressurized, the purge procedure
must be repeated.

- Leave the SPAN OUT port of the GCU plugged, and turn the 3-way valve

on the GCU 8570 to Dilution.

At the end of the warmup, turn the thumb wheel switch on the GCU to each
of the ten positions. The user manual describes the function of each
position. Switch positions 7, 8, 9, 0 are power supply values designated on
the data card for the GCU. [f the observed values are more than +10%
from the designated value, do not use the unit until it has been repaired.
Position 4 of the GCU 8570 and position 8 of the Gascal 82 are the panel
meter zero indicators and will determine whether or not an offset will be
assigned to observed values.

Disconnect the sample line of the analyzer from the sample manifold (block
the port on the manifold) and attach it to the port of the TEE perpendicular
to the gas inlet port (see Figure 1). If using the Gascal 82, open the vent
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4.1.10

41.11

4.1.12

4.2 Calculations

4.21

1 4.2.2

4.23

generated in the following ranges:

and connect the delivery line directly into the particulate filter in the sample
line of the analyzer.

If all the voltages are within ¥10.0% of designated, turn on the CAU.

. Make sure the fan (visible on the front panel of the CAU) is working.
. Adjust the PRESSURE CONTROL for a reading of 30 psi on the
gauge.

Adiust the AIR CONTROL. on the GCU for a flow rate at least 20% greater
than the sample flow of the analyzer. You are now conducting a dynamic
zero check on the analyzer.

Wait for the analyzer to give a stable reading and then record the reading.

The calibration gas concentrations for muitipoint calibrations must be

0.800 - 0.900 ppm*
0.400 - 0.450 ppm
0.150 - 0.200 ppm
0.030 - 0.080 ppm

*If analyzer is operating in the 0 - 1.0 ppm range.

The GCU has been designed for use with cylinder concentrations of 30 - 50
ppm and a dilution flow of 1-10 slpm. To generate a concentration >1.0
ppm, calculate the gas flow as follows:

GE= (DFcc/min)e (PPMgut)
[CI-PPMgyr
where
GF = gas flow, in cc/min
DF = dilution flow, in cc/min
PPMoyr = concentration to be generated, in ppm
[C] = the cylinder concentration, in ppm

The lower limit of the useabie range of the gas MFC is the lowest
calibration point on its curve (~10-15 cc/min). With this minimum gas flow,
it will be necessary to increase the dilution flow when generating output
concentrations <0.1 ppm from a 50 ppm cylinder. To determine the dilution

Ri\pubs\mwa7\sop\2600-700
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flow required with this minimum gas flow to generate an output
concentration <0.1 ppm use the following two equations:

TF:——[CI.GF ,and : (1)
PPM ,,,
DF=TF-GF 2)
where
TF = the total flow, in cc/min
[C] = cylinder concentration, ppm
GF = the gas flow, in c¢/min
PPMour = the concentration to be generated, in ppm
DF = the difution flow required, in cc/min.

4.2.4 If the dilution flow computed in 4.2.3 is beyond the highest calibration point
on the dilution flow controller calibration curve, repeat 4.2.3 for a slightly
higher output concentration. Before proceeding to the next step, make sure
the total flow (gas flow + dilution flow) is at least 20% greater than the
sample flow of the analyzer.

425 When the correct flows have been determined, the corresponding mass
flow controller (MFC) settings (panel display readings) must be determined
as follows:

On the calibration documents for each MFC, find the Iineér regression

equation relating fiow rate to VDC. This equation has the form:

Flow = MxVDC +B

Since the flow is known, this equation can be used to determine the panel

display reading that corresponds to the flow by reversing it:

vDC = (Flow-B) ) M

NOTE: In computing the display reading from the flow, be careful about the

units. the air MFC is often calibrated in SLPM, rather than scc/min. Also

avoid using flowrates beyond the highest or lowest calibration point for the

MFC. Extrapolation of calibration curves is inaccurate, and should not be

necessary to obtain the desired concentrations.

NOTE: Do not use flowrates less than 10% of MFC full scale.
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4.2.6

4.2.7

4.2.8

8570 to DILUTION.

429

4.2.10

4.2.11

4.3  Gas Dilution (with clean air cylinder)

4.3.1

4.3.2

4.4  Gas Phase Titration (GPT)

4.4.1

When the flow settings have been computed, enter all flow settings as well
as actual flows on the calibration form and set the GCU to produce the
desired concentration.

Turn the thumb wheel switch on the GCU to the position labeled AIR
FLOW. Unlock the AIR CONTROL of the 8570 and turn it until the setting
computed in 4.2.5 for dilution flow appears in the display window. When
this number appears and is stable, lock the AIR CONTROL. Turnthe
thumb wheel switch of the Gascal 82 to the COMMAND position 1 and turn
the AIR CONTROL until the desired setting is observed. Switch the thumb
wheel to position 2 and observe the actual air flow. Wait for the dlsplay to
stabilize and adjust as necessary.

Open the gas cylinder (if you haven't already done so) and open the fine
valve. Adjust the line pressure to 20 psi. Turn the 3 -way valve on the GCU

Turn the thumb wheel switch to of the 8570 SPAN FLOW, unlock the SPAN
CONTROL and turn it until the setting computed in 4.2.5 for gas flow
appears in the display window. When this number appears and is stable,
lock the SPAN CONTROL. Turn the thumb wheel switch of the Gascal 82
to the COMMAND position 3 and turn the Gas Control until the desired
setting is observed. Switch the thumb wheel to position 4 and observe the
actual gas flow. Wait for the display to stabilize and adjust as necessary.

When the analyzer reading has stabilized enter it on the form in volts and in
ppm.

Repeat steps 4.2.6 through 4.2,11 for the remaining concentrations.

Follow the same steps as in 4.1, but in place of the CAU, connect 3-4 feet
of 1/4" tubing from the pressure regulator on the clean air cylinder to the
AIR IN port of the GCU.

Set the regulator for approximately 20 psi line pressure.

Gas phase titration is accomplished through the use of the separate titrator
in the 8570 or the internal ozone lamp in the Gascal 82. If titration is being

" RA\pubs\mwS7\sop\2600-700
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4.4.2

443

44.4

4.4.5

4.4.6

4.4.7

performed using the 8570, the titrator must be plumbed in-line prior to the
initiation of the dilution calibration as follows:

Follow the steps in 4.1.1, 4.1.2, and 4.1.6.

Using 1/4" teflon tubing, connect the AIR/SPAN QUT port on the GCU to
the AIR IN port on the GTU.

Using 1/8" teflon tubing, connect the SPAN OUT port on the GCU to the
SPAN IN port on the GTU.

Connect at least 3 feet of 1/4" TFE tubing to the PPM OUT port of the GTU.
The other end of this line is connected to a vent union tee (S.S. or TFE).

Connect another length of 1/4" tubing from the exhaust manifold to the
branch of the TEE directly opposite the gas inlet.

Disconnect the analyzer sample line from the manifold (block the port on
the manifold) and connect it to the port of the TEE perpendicular to the gas

- inlet (see Figure 1).

4.4.8

449

4.4.10

4.4.11

4.4.12

Turn the 3-way valve on the GCU to DIRECT SPAN.

Place the POWER switch on the GTU in the OFF position. Plug the power
cord from the unit into a 115 VAC, 60 Hz power outlet.

Turn on the GTU and GCU and allow the system to warm up for 15-20
minutes. Connect a double banana jack cable to the O; control REF or
OZONATOR TEMP and the EXTERNAL input jack on the GCU. Be certain
that polarity is matched when the connection is made.

A record of the laboratory verification of the ozone generator will be found
in the calibration documentation of the calibrator. Approximate expected O
concentrations corresponding to selected settings of the thumb wheel
ozone control can be found on that record.

Do not introduce a greater concentration of Oz than NO. The highest
concentrations should be at least 10% less than the NO concentration. The
titration of Oz into NO produces a violent reaction. The ozone should be
introduced gradually and allowed to begin to stabilize before more ozone is
added. Monitor the response of the NO channel to keep track of the
reaction. As the NO channel response decreases, the NO, channel
response will rise. Add more ozone only when the reaction "slows down" to
avoid over-titrating. Also, be aware that the error (A%) of the NO channel
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will affect the remaining NO as indicated by the NO channel and thus the
NO; input.

4.4.13 Perform a gas dilution calibration or calibration check of the NO, analyzer
prior to GPT to determine the initial calibration status of the analyzer. Refer
to the individual analyzer specific SOP for instruction.

4.4.14 Allow adequate time for warm-up of the ozonator before recording the
analyzer response (refer to the manual). Until the czonator is warmed up,
a gradual drift of the analyzer response may be observed.

45 Care and Maintenance of System

4.5.1 ENSR Portable Field Calibration Systems are precision instruments and
must be treated with care in order to perform well for any length of time. As
with any other precision equipment, lack of caution in its handling will
quickly lead to the need for costly repairs.

4.5.2 When using the CAU, always check the operation of the fan on the front
panel. The power connector on the fan can come loose. When this
happens, the air passing through the unit is not dried and moisture may get
into the GCU.

4.5.3 Store the system in a dry environment.

45.4 Always keep all ports on the GCU and GTU blocked when not in use. This
prevents foreign matter from finding its way into the plumbing.

5.0 QUALITY CONTROL

5.1 As soon as possible foilowing calibration, the completed calibration form is to be
submitted to the project manager or designee for review. Calibrator setpoints and
ditution calculations are to be reviewed for accuracy. Standards are to be reviewed
for traceability and completeness. DAS and strip chart readings are to be reviewed
for agreement and completeness.

6.0 DOCUMENTATION

6.1 A copy of the completed calibration forms are to be let in the shelter.

6.2 Mark the strip chart recorder with start and end times of calibrations, or other task as
well as an explanation of each significant deflection of the recorder pen.

6.3  Note the occurrence of calibration tasks in the Field Station Log.
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7.0 REFERENCES
. ENSR Portable Field Calibration System Instruction Manual
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ENR

Figure 1
Schematic of Connections

GAS INLET

TO ANALYZER OR
VALVE TRAY

1' FROM ANALYZER

3' FROM CAL. SYSTEM

TO EXHAUST
MANIFOLD

TEFLON/S.8. TEE

* NOTE: ALL TUBING SHOULD BE 1/4" O.D. TEFLON

GAS INLET

TO ANALYZER OR
VALVE TRAY

3' FROM CAL. SYSTEM

1/8" O.D. TEFLON

1/4" O.D. 1/8" L.D.TEFLON

TO EXHAUST
MANIFOLD

TEFLON/S.S. TEE

M950231.EPS
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SOP NUMBER: 2620-001

High Volume Sampler Date:  1stQtr 2007
Calibration for the Volumetrically Revision Number: 8
Flow Controlled (VFC) Sampler Author:  Mike O’Brien

Vincent Scheetz
Discipline: Air Monitoring

1.0 PURPOSE AND APPLICABILITY

1.1

1.2

This Standard Operating Procedure (SOP) describes the steps necessary for quarterly
(seasonal) calibrations of a VFC type High Volume (HI-VOL) sampler. This SOP is based on
the methods detailed in the EPA Quality Assurance Handbook for Air Pollution measurement
Systems Volume |1, Section 2.11, EPA-600/R-94/038b, ORD and the Federal Reference
Method described in Appendix B of 40 CFR 50.The VFC sampler calibration procedure
presented in this section relates known flow rates (Qs, as determined by an orifice transfer
standard) to the ratio of the stagnation pressure to the ambient barometric pressure (P1/Pa).
The stagnation pressure (P1) is the air pressure inside the sampler in the area just under the
filter. VFC samplers have a stagnation pressure tap or port through which the stagnation
pressure can be measured. The VFC sampler’s flow control system is a choked-flow venturi.
It must be precisely sized for a given average annual temperature and pressure because the
operational flow rate cannot be adjusted by the user.

For this VFC calibration procedure, the following conditions are assumed:

e« The VFC sampler uses a choked-flow venturi to control the actual volumetric flow rate.

¢ The sampler flow rate is measured by measuring the stagnation pressure ratio, and the
sampler is not equipped with a continuous flow recorder.

e The sampler inlet is designed to operate at a constant actual volumetric flow rate of 1.13
m%min, and the acceptable flow-rate range is +10 percent of this value.

¢ The transfer standard for the flow-rate calibration is an orifice device equipped with either
a series of resistance plates or an integral variable-resistance valve. The pressure drop
across the orifice is measured by an associated water or oil manometer.

e The sampler will be calibrated in actual volumetric flow-rate units (Q,), and the orifice
transter standard is also calibrated in Q,, as specified in Section 2.2 of the Quality
Assurance Handbook.

Calibrations are periormed:

. upon installation;

. every calendar guarter;

. after brush or motor change;

. whenever a 1 point QC check or audit indicates A% of > + 7.0%;
] after leak repair; and '

. prior to takedown

Page 1 of 12 Revision 5
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2.1

2.2

2.0 RESPONSIBILITIES

3.0 REQUIRED MATERIALS

Field Technician

2.1.1  Itis the responsibility of the field technician to read and to operate, maintain, and
calibrate the samplers in accordance with the methods and requirements specified in
this and all referenced ENSR Standard Operating Procedures.

2.1.2 ltis also the responsibility of the field technician to document the procedure in the
field station log was well as on any data forms contained within this procedure.

Project Manager

2.2.1 |tis the responsibility of the project manager or designee to ensure that the
calibration is performed at the designated frequency and to ensure that all necessary
calibration equipment is available and properly certified.

2.2.2 Itis the responsibility of the project manager or designee to ensure that calibration
documentation and filter jackets are reviewed for accuracy and completeness and
are reviewed in a timely manner so as to avoid needless loss of data should an error
be discovered.

2.2.3 The project manager (or designee) will determine site elevation, mean barometric
pressure and seasonal mean temperature for each site where particulate
Mmeasurement is conducted.

Electronic manometer or an associated water or oil manometer, with a 0- to 400-mm (C-to
16-in.) range and a minimum scale division of 2 mm (0.1 in.).

A water or oil manometer, with a 0- to 200-mm (0- to 8-in.) range and a minimum scale
division of 2 mm (0.1 in.) for measurement of the sampler exit orifice plenum pressure. This
manometer should be associated with the sampler.

Orifice transfer standard with calibration traceable to NIST calibrated within 1 year of use with
built-in variable resistance.

Look-up table (corrected to 252C, 760 mmHg) for orifice calibrator

High Volume Sampler calibration spreadsheet.

NIST-traceable thermometer (or equivalent) for ambient temperature readings. A
thermometer capable of accurately measuring ambient air temperatures over a range of O to
50 °C to the nearest 0.12C. This thermometer should be traceable with an accuracy of 0.1 ¢C
to a NIST-certified thermometer or an ASTM thermometer.
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. A portable aneroid barometer capable of accurately measuring ambient barometric pressure

4.0

over the range of 500 to 800 mm Hg (66 to 106 kPa) to the nearest mm Hg and referenced
within £5 mm Hg of a barometer of known accuracy at least annually.

) Adapter plate appropriate to HI-VOL being calibrated

. Mean barometric pressure for site, as determined from Smithsonian tables of elevation vs.
mean pressure

. Seasonal mean ambient temperature for the site, as determined from reliable climate
information

. Clean quartz filters (ideally filter used for calibration should be from the same batch currently

being used for sampling.)

METHOD

4.11

412

413

41.4

415

4.1.6

Perform any maintenance such as brush change, motor replacement or gasket
replacement, etc. Any maintenance required for the size selective head should also
be accomplished according to the instructions found in the appropriate
manufacturer’s operating manual prior to calibration.

Remove the filter hold-down frame and replace with calibrator assembly (and hold-
down frame, as appropriate). Verify that the calibration orifice has been calibrated
within the past year, that the lookup table is current, and is the proper document for
the device being used. A clean filter must also be placed in the calibrator assembly
under the orifice.

Connect the oil manometer with a piece of flexible tubing to the pressure tap near the
top of the calibrator. Set scale to read "0" at the bottom of the water meniscus.
Connect the electronic manometer to the indicated stagnation pressure port at the
side of the sampler. {The "indicated" flow of the VFC sampler is measured as
stagnation pressure which is accomplished through the pressure tap located
downstream of the sample filter and upstream of the venturi type flow meter). Zero
the manometer and place it preferably in the shade. Try to keep the manometer at a
consistent temperature. (Note - electronic manometers are sensitive to changes in
temperature and may drift.)

Filt out all of the heading information in the calibration spreadsheet (Figure 1).
(It is typical to record readings in the field on paper to be entered into the
spreadsheet later).

Place the thermometer in a shaded, well ventilated, place and wait for a stable
reading. Obtain the temperature and record as Ambient Temperature (T;). Obtain the
barometric pressure from the portable barometer. Record Ambient Pressure (P;).

Conduct a leak test by blocking the orifice with a large-diameter rubber stopper, wide
duct tape, or other suitable means. Seal both orifice and stagnation pressure ports
with rubber caps or similar devices. Turn on the sampler.
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Caution: Avoid running the sampler for longer than 30 s at a time with the orifice blocked. This
precaution will reduce the chance that the motor will be overheated due to the lack of cooling air.
Such overheating can shorten the motor’s lifetime. It can raise temperatures to the point of
defeating the electrical insulation, which could result in fire or electric shock to the user.

Gently rock the orifice transfer standard and listen for a whistling sound that would indicate a leak
in the system. Leaks are usually caused either by a damaged or missing gasket between the
orifice transfer standard and the faceplate or by cross threading of the orifice transfer standard on
the faceplate. All leaks must be eliminated before proceeding with the calibration, When the
system is determined to be leak-free, turn off the sampler and unblock the orifice.

4.1.7 Turn on the HI-VOL and aflow it to run for at least 5 minutes. Adjust the resistance
(using the knob on top of the orifice) to the lowest resistance (highest flow-rate)
position.

4.1.8 Read the differential pressure on the manometer. (Read the bottom of the water
meniscus.) Differential pressure equals the sum of the water displacement (in
inches) of both sides of the manometer; i.e., the total distance between meniscus
levels. Record the orifice transfer standard’s manometer reading, AH20, and the
corresponding sampler refative stagnation pressure manometer reading, APstg, on
the data sheet. (Relative stagnation pressure is a negative pressure [i.e., a vacuum)

relative to atmospheric pressure as measured by a manometer with one leg open to
the atmosphere.)

Note: Be sure to convert APstg to millimeters Hg using Equation (1 ) before recording the
reading on the calibration data sheet:

mm Hg = 25.4 (in. H20/13.6). (1)

4.1.9 Adjust the calibration orifice and repeat for 4 additionat pairs of readings. Take care
to make no more that 0.1” adjustments in calibration orifice for each reading. Too
large of an adjustment will load down the sampler's motor and will cause a non-linear
calibration.

4.1.10 Piot the calibration data on a sheet of graph paper.

Note: The data should be plotted in the field as the calibration is occurring, rather than afterwards back at
the laboratory.

4.1.11 Tum off the sampler and remove the orifice transfer standard. Install a clean filter on
the sampler in the normal sampling mode (use a filter cassette if one is normally
used). Turn on the sampfer and allow it to warm up to operating temperature.

4.1.12 Read the relative stagnation pressure and record it on the data sheet in the row for
the operational flow rate. '

4.1.13 Perform the calibration calculations presented in Section 4.1.14.
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4.1.14 Gather together all the calibration data, including the orifice transfer standard's
calibration information and the sampler calibration data sheet.

Note: These calculations should be done at the time of the calibration, rather than later. This approach
will allow additional calibration points to be taken if questions arise about the data that have already
been obtained.

1. Verify that the crifice transfer standard calibration relationship is current and traceable to an
acceptable primary standard.

2. Calculate and record Q,(orifice) for each calibration point from the orifice calibration
information and the following equation (2):

Q,(orifice) = {[AHO(T/P)1"2 - b} {1/m} @)

Where: ?
Q,(orifice) = actual volumetric flow rate as indicated by the fransfer standard orifice,
m3/min AH,O = pressure drop across the orifice, mm (or in.) H,O
T, = ambient temperature during use, K (K = 2C + 273)
P, = ambient barometric pressure during use, mm Hg {(or kPa)
b = intercept of the orifice transfer standard’s calibration relationship
m = slope of the orifice transfer standard’s calibration relationship.

3. Calculate and record the value of the absolute stagnation pressure, Pt, for each calibration
point (equation 3):

P1 = Pa - APstg (3)
Where:

P; = absolute stagnation pressure, mm Hg
P, = ambient barometric pressure, mm Hg
AP = relative stagnation pressure, mm Hg.

4. Calculate and record the stagnation pressure ratio:
Stagnation pressure ratio = P4/P,.

5. On a sheet of graph paper, plot the calculated orifice transfer standard’s flow rates, Qa(orifice),
on the x-axis vs. the corresponding stagnation pressure ratios, P4/P,, on the y-axis. Draw a
smooth curve through the plotted data. If necessary, extrapolate the curve to include the
acceptable flow rate range.

6. Compare Q,(orifice) for several points on the calibration plot with Q,(sampler) determined from
the factory calibration at T,. Calculate the percentage difference between Q,(orifice) and
Qa(sampler). If the agreement is within a few (i.e., 3 or 4) percent, the factory calibration is
validated and may be used for subsequent sample periods.
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5.0

7. i the agreement is not within a few percent, recheck the accuracy of the orifice transfer
standard and recheck the calibration procedure. Look for leaks, manometer reading errors,
incorrect temperature or pressure data, or miscalculations. Also check for abnormally low line
voltage at the site (it should be at least 110 VAC), for the correct blower motor, and for the
presence of a gasket between the motor and the choked-flow venturi. A factory calibration is not
likely to be substantially incorrect, and any discrepancy of more than a few percent is probably

due to some problem with the sampler or with the calibration procedure. However, if no errors or

problems with the sampler or with the calibration can be found, generate a new calibration
relationship as described in Subsection 2.4.4 of the EPA QA Handbook, Section 2.11 PM,
Guidance.

QUALITY CONTROL

5.1

5.2

5.3

Accuracy (PSD Networks)

Accuracy of HI-VOLs is determined for PSD networks by an independent performance audit,
using an orifice calibrator different from that used in calibration of the HI-VOL. The audit flow
is determined by relating the manometer reading to the orifice look-up table and determining
actual flow rate. The sampler flow is then determined from the HI-VOL curve in current use,
using the indicated flow gauge used during normal sampling. If the observed flow readings
are >x7.0% different from the audit flows, the HI-VOL should be calibration-checked by the

technician, and repaired and recalibrated if necessary. Accuracy is reported quarterly as part

of the audit report.

Precision {PSD Networks)

Precision data for PSD sites are collected by operating two collocated (i.e., at the same site)
HI-VOLs, establishing A% of TSP values and calculating 95% probability limits, using the
data from both HI-VOLs. The method to be used is detailed in 40 CFR 58, Appendix A,

Precision data are reported quarterly with the TSP or PM, data.

QC Review Criteria

The following criteria should be observed in QC review of HI-VOL calibration curves and filter

jackets. Itis not recommended that the filters themselves be inspected in the field because
handling of samples between the sampler and the lab must be kept to a minimum to avoid
damage to samples. Inspection of the filters will be performed during processing.

5.3.1 Filter Jackets

¢ Sampling time must be 1440 + 60 minutes.
¢ |Initial and final flowrate for the PM,, samplers should be between 36-44 ACFM.
s Start and Stop sample times must be recorded on the jacked.
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INTERNATIONAL

Imlo

* Documentation on the filter jacket must be complete and consistent with the
corresponding sampler documentation.
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6.0

REFERENCES
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Code of Federal Regulations 40 CFR, Part 58, Appendix A, October 2006

U.S. Environmental Protection Agency. 1997. Code of Federal Regulations. Title 40, Chapter i,
Subchapter C, Part 50, Appendix M. Washington, DC. Office of the Federal Register.
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TABLE 1
Site Elevation Approximate Mean
(Feet above sea level) .Barometric Pressure
(mmHg)
0 760
500 746
1000 733
1500 720
2000 705
2500 694
3000 680
3500 669
4000 656
4500 644
5000 632
- 5500 620
6000 609
6500 598
7000 586
7500 575
8000 564
8500 554
9000 543
9500 533
10000 523
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TABLE 2

Correction Factors for NWS Pressures

Site Elevation above Mean Sea Level Correction Factor
Ft. Meters
11000 3353 0.661
10500 3200 0.674
10000 3048 0.688
9500 2896 0.701
9000 2743 0.715
8500 2591 0.779
8000 2438 0.743
7500 2286 0.757
7000 2134 0.771
6500 1981 0.786
6000 1829 0.801
5500 1676 0.817
5000 1524 0.832
4500 1372 0.848
4000 1219 0.864
3500 1067 0.880
3000 914 0.896
2500 762 0.913
2000 610 0.930
1500 475 0.947
1000 305 0.964
500 152 0.982
0 0 .1.000
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TABLE 3
Silicone Qil Retreatment Schedule for
PM,, Size Selective Inlet
Sampling Average Retreatment
Frequency TSP at Site Schedule
(ug/m®

Daily 40 2 months

75 1 month

150 2 weeks

200 weekly

Every 2 Day 40 3 months
75 2 months

150 manthly

200 2 weeks

Every 3° Day- 40 5 months
75 3 months

150 2 months

' 200 monthiy
Every 6" Day 40 10 months
75 5 months

150 3 months

200 2 months
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SOP NUMBER: 2620-002

High Volume Sample Collection Date:  3rd Qir 2006 .

Revision Number: 5

Author: Mike O'Brien
Vince Scheetz
Discipline:  Air Monitoring

1.0 PURPOSE AND APPLICABILITY

This procedure applies to collection of suspended particulate using a standard glass fiber filter or
micro quartz filter on a Volumetrically Flow Controlled (VFC) Sampler. This SOP conforms to the
provisions of ENSR SOP 2620-001, High Volume Sampler Calibration for the Volumetrically Flow
Controlled (VFC) Sampler.

2.0 RESPONSIBILITIES

2.1

2.2

3.0 SUPPORTING MATERIALS

Field Technician

2.11

21.2

Project Manager

2.21

22.2

223

Electronic manometer. (same as the one used for calibration).

Supply of clean numbered filters (8"x10" fiberglass) in filter jackets.

It is the responsibility of the field technician to read and to operate, maintain, and
calibrate the samplers in accordance with the methods and requirements specified in
this and all referenced ENSR Standard Operating Procedures.

It is also the responsibility of the field technican to document the procedure in the
field station log was well as on any data forms contained within this procedure.

It is the responsibility of the project manager or designee to ensure that the ‘
calibration is performed at the designated frequency and to ensure that all necessary
calibration equipment is available and properly certified.

It is the responsibility of the project manager or designee to ensure that calibration
documentation and filter jackets are reviewed for accuracy and completeness and
are reviewed in a timely manner so as to avoid needless foss of data should an error
be discovered.

The project manager (or designee) will determine site elevation, mean barometric
pressure and seasonal mean temperature for each site where particulate
measurement is conducted.
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. Thermometer accurate to + 2 °C, or other accurate temperature reading (e.g., National

Weather Service - NWS).

. Aneroid barometer or barometric pressure reading from local source (station pressure)

METHOD

The following instructions assume a continuous operation; that is, sampling is already underway, and
exposed filters must be removed and replaced with clean filters.

NOTE: Filter jacket section numbers refer to the sample filter jacket in Figure 1.

The average actual flow rate for VFC samplers is calculated by determining (1) the average of the
initial and final relative stagnation pressures (APstg), (2) the average ambient temperature (Tav), and
(3) the average barometric pressure (Pav) during the sampling period and then by applying these
values to the calibration relationship.

Note: Consistency of temperature and barometric pressure units is required. All temperatures are to
be expressed in Kelvin (K = °C + 273) and all barometric pressures in mm Hg.

4.1 Clean Filter Inspection and Identification
4.1.1 For the new filter to be installed:

. Clean Filter Intact: Check to see that the new filter has no holes or tears.
Look especially at and around the serfal number stamp. Also check to see
that the filter is of the same general quality as other filters

. Serial Number Check: Is the serial number of the filter the same as the serial
number on the filter jacket upper right hand corner?

. Initial Weight Indicated: Does the filter have an "initial weight" value recorded
on the filter jacket?

. Filter Batch #: Should be recorded on the jacket.

If any of these checks fail, discard or set aside the filter and jacket, as appropriate.

4.2 Filter Installation Procedure
» Following the manufacturer’s instructions, loosen the nuts that secure the iniet to the
base and )
gently tilt back the infet to allow access to the filter support screen.
Examine the filter support screen. If the screen appears dirty, wipe it clean. If the filter

cassette is

* equipped with a protective cover, remove it and place the loaded cassette in position on
the

¢ sampler support screen. Tighten the thumb nuts sufficiently to hold the filter cassette
securely.
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e Check that the gasket is in good condition and has not deteriorated.

Caution: Tighten the thumb nuts evenly on alternate corners to properly align and seat the
gasket. The nuts should be only hand-tightened because too much compression can
damage the sealing gasket.

o Lower the sample inlet and secure it to the sampler base. Secure the sampier inlet to the
sampler base.

Turn on the sampler and allow it to reach a stable operating temperature (3 to 5 min).
While the sampler is warming up, record the following parameters on the VFC filter jacket
{Figure 1):

* Site location

* Sample date

« Filter ID number

» Sampler model and S/N

« Operator’s initials.

e Choose the manometer with a range 0 to 1,000 mm {0 to 36 in.) and a minimum scale
division of 2 mm (0.1 in.). Inspect the manometer for ctimps or cracks in its connecting
tubing. Open the valves and biow gently through the tubing of the manometer, while
watching for the free flow of the fluid.

» _Adjust the manometer's sliding scale so that its zero line is at the bottom of the
meniscuses.

s Remove the vacuum cap from the stagnation pressure port located on the side of the
sampler base.

e Using the connecting tubing, attach one side of the manometer to the port. Leave the
other side of the manometer open to atmospheric pressure. Make sure the tubing snugly
fits the port and the manometer. )

e Measure the initial relative stagnation pressure (APstg) and record this reading on the
VFC Sampler Field Data Sheet.

Note: Be sure to convert the manometer reading to mm Hg using Equation (1) before recording
the reading on the VFC Sampler Field Data Sheet.

mm Hg = (25.4) (in. H,0/13.6) . 1)
» Turn off the sampler, disconnect the manometer, and replace the vacuum cap on the
stagnation pressure port. '

+ Set the sampler timer for the next run day.
¢ The sampler is now ready to sample ambient air.

4.2.1 Be sure to complete Sections 1, 2, 3, and 4 of the new filter jacket.
43 Exposed Filter End Time

Complete Section 8 of the exposed filter jacket, end time, by recording the elapsed time
meter reading or the end time (1440 + 60 min).

4.4 Timer Check

. Time Meters OK: Cycle each of the HI-VOLs briefly {if there are multiple sampies) to
note if the elapsed time meters operate when the HI-VOL is running.
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. Timer OK: Check to see that the 24 hour or 7 day timer time is the same as the time

of day (+ 15 min.) also verify that the timer is set to start/stop at midnight + 30 min.

If either check fails, reset, repair or replace timer, as necessary.
45  Clean Filter Start Time

Determine start time, Section 5. For a site with elapsed time meters, record the meter reading
for the HI-VOL about to be loaded with a clean filter. (It should not be running.) For a single
HI-VOL with a 7 day timer, record midnight (0001) in Section 5.

4.6 Flows and Fiiter Change
4.6.1 Completed Filter Final Fiow

Attach the electronic manometer to the pressure stagnation port located on the side of the sampler.
Turn on the HI-VOL, wait for a stable reading and record the reading in Section 9 of the exposed filter
jacket. , :

Note: Electronic manometer should be zerced prior to use and be placed on their backs on a flat
surface for reading. ‘ ‘

4.6.2 Record the ambient temperature (°C) in Section 14 of the exposed filter jacket.
Record the barometric pressure (mm Hg) in Section 10 of the exposed filter jacket.
This reading should be obtained from the nearest National Weather Service (NWS)
station and multiplied by the correction factor corresponding to your site elevation in
Table 1. If you take the reading from a barometer at the site, do not apply any
correction factor to the pressure reading.

4.6.3 Remove the used filter carefully by its edges. If weather conditions allow, inspect the
filter. Is there a clean definition between the dirty portion of the filter and the border of
the filter? If there is a streak on the filter border, note on the filter jacket, Section 13,
change the gasket of the hold down frame and log the change in the station log. Fold
the filter, dirty side in, and place it in the filter jacket.

Observe conditions around the monitoring site; note any activities that may affect filter particle
loading (paving, mowing, fire) and record this information on the filter jacket.

NOTE: During humid weather, there is sometimes a tendency for the filter to stick to the
hold down frame gasket. This situation can be alleviated by weekly treatment of the gasket
with a silicone wipe cloth.

4.6.4 Clean Filter Installation

Remove the clean filter from its filter jacket, and carefully place on the HI-VOL
backing screen with the smooth side on the screen. Replace the hold down frame

Page 4 of 9 Revision: 5

B S SNk MR SN0 JEG AR B ol IO GEn AN N MO AN m e



EI m!o

SOP NUMBER: 2620-002

4.7

Validation of Exposed Filter Data

IT IS IMPORTANT THAT DATA VALIDATION BE PERFORMED IMMEDIATELY
FOLLOWING FILTER CHANGE, IN ORDER TC DETECT AND CORRECT CONDITIONS
ADVERSELY AFFECTING THE DATA BEFORE ADDITIONAL DATA ARE LOST. EVEN IF
THE AVERAGE INITIAL AND FINAL FLOW VALUES ARE NOT AVAILABLE, ALL OTHER
CHECKS SHOULD BE PERFORMED.

471

4.7.2

4.7.3

474

_If you are using cassettes, the filter should be pre-mounted and instailed directly.

and tighten by hand so that equal pressure is applied to the entire sealing edge of the
gasket.

Now that the clean filter is in place, measure the flow with the magnehelic gauge (or
equivalent). Record the reading in Section 6 on the filter jacket. Record ambient
temperature in Section 15 of clean filter jacket. Enter the correct barometric pressure
(see 4.5.2) in Section 7 of the clean fiiter jacket. The value recorded is the
uncorrected gauge reading as in Section 4.6.1.

Cycle the HI-VOL system back to the unit which was sampling.

Inspeb,t the completed filter for holes, tears and strange materials such as bugs,
polien, etc. Note unusual conditions on the filter jacket. (Also perform the edge
inspection described in Section 4.6.3, if weather did not permit inspection at that
time.)

Indicate on the jacket if the sample was taken during adverse weather conditions,
such as rain or snow.

Subtract the "Start Time" reading from the "End Time" reading and log on the jacket
in Section 11. Sample time must be 1440 + 60 minutes for valid data. If not 1440 + 60
minutes, the timer or the elapsed time meter may be faulty. Log the probable reason
if the time is not within requirements and take corrective action, if necessary.

Note: In the case of an apparent elapsed time meter failure, the data may be
considered valid if all other indications are that the sample time did meet criteria. If
the 24 hour timer is still working and set to the correct time of day, and the sample
appears to have started at midnight the sample should be labeled suspect in Section
13 of the filter jacket.

Check to see that the date of the calibration curve used is the date of the last
calibration of the HI-VOL and is indicated on the filter jacket in Section 12. If the
calibration is over 3 months old, perform a néw calibration {ENSR SOP 2620-001) as
soon as possible.

Record the actual flowrate in Section 16 on the filter jacket of the used filter. If it is a
flow-controlled HI-VOL, write the flow controller set point next to the initial and final
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4.7.5

4.7.6

4.8.1

4.8.2

4.8.3

4.8.4

4.8 Clean Filter - Initial Flowrate Check

5.0 QUALITY CONTROL

5.1 Validity Criteria - Summary

flowrates and circle it. Observed flowrates must be within 4 cfm of the flow controiler
set point. This is not necessarily cause for invalidation of data. Possible reasans for
the variation must be investigated and logged on the filter jacket in Section 13.
Investigation should include a sampler calibration check. f the HI-VOL has a size
selective head the flow rate must be within + 4 cfm of the set point or the sample will
be invalid.

If the filter has met the criteria in 4.6.1 through 4.6.4 then it is a valid sample. Check
the "valid" box in Section 13.

If any of the above checks fails, double check calculations and flows read from the
graph. If no errors are found, continue investigation until the problem is found and
corrected.

Enter the date of the calibration curve used on the new filter jacket in Section 12.
Check to see that the date of the curve used is the date of the last calibration of the
HI-VOL, and is for the correct HI-VOL system.

Convert the initial observed flow reading to true flow and record in Section 17.

Most PMyo HI-VOLs are designed to operate at 40 ACFM = 4. If flowrates are close to
or outside these limits, check the batch number of the filter. If it is different from the
preceding filter, the problem may be the filter. In any case, try a different filter and
return to Section 4.1. If a second filter fails this initial flowrate criterion, perform a one
point calibration check. If the point is within + 7% of the same point on the calibration
curve, the problem is with the filter, not the HI-VOL. If it lies outside the + 7% limit,
investigate and recalibrate the HI-VOL if necessary before any more samples are
run.

Some filter batches have a pressure drop characteristic noticeably lower than others.
Check the batch number of the problem fitter, and check to see if it is covered by an
exception to the initial flow criterion. i it falls within the “exceptional” range, consider
it valid and proceed. Otherwise it is invalid. Report the problem to your supervisor if
you cannot find a clean filter which will pass the appropriate flowrate criteria.

if initial flowrate is within the acceptance range the filter may be used for sampling.

PM;, HI-VOLS are usually designed to operate at 40 ACFM = 4.
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SOP NUMBER: 2620-002
. Sample start/end time is midnight + 30 min.
. Duration of sampling time 1440 min. + 60 min.

6.0

7.0

Filter intact (i.e., no holes present during sampling).
. Flowrates determined from a valid calibration curve,
if any one of these criteria are not met, the sample is INVALID. Any other conditions may be

cause to label the data suspect, but not invalid. The following is a list of typical suspect
conditions:

. Observed initial and final flowrates on a flow-controlled HI-VOL not within 4 ACFM of
the flow controller set point.

. Water spots on fiiter.
. Insects on filter.
. Elapsed time meter failure, when 24 hour timer still works.

These and any other informative comments must be included under "comments" whenever
data are suspect.

DOCUMENTATION

Documentation requirements far the filter jackets are described within Section 4.0.

REFERENCES

U.S. Environmental Protection Agency. 1994. Quality Assurance Handbook for Air Pollution
Measurement Systems Volume H, Section 2.11, EPA-600/R-94/038b,0RD, Washington, DC 20460
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INTERNAT/ONAL

TABLE 1

Correction Factors for NWS Pressures

Site Elevation above Mean Sea Level Correction Factor
Ft. Meters

11000 3353 0.661
10500 3200 0.674
10000 3048 0.688
9500 2896 0.701
9000 2743 0.715
8500 2591 0.779
8000 2438 0.743
7500 2286 0.757
7000 2134 0.771
6500 1981 0.786
6000 1829 0.801
5500 1676 0.817
5000 1524 0.832
4500 1372 0.848
4000 1219 0.864
3500 1067 0.880
3000 H4 0.896
2500 762 0.913
2000 610 0.930
1500 475 0.947
1000 305 0.964
500 152 0.982
0 0 1.000
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—! SOP NUMBER: 2620-071
High Volume Timer Field Calibration Date:  2nd Qtr., 1993

Revision Number: 1
Author:  Mike Dobrowolski

Discipline: = Quality Assurance

21

2.2

1.0 PURPOSE AND APPLICABILITY
The procedure described in this Standard Operating Procedure (SOPY} is to be followed for

the calibration of HI-VOL timers. It is based on the methods detailed in the EPA Quality
Assurance Handbook for Air Pollution Measurement Systems, Volume 1l, Section 2.2.

2.0 RESPONSIBILITIES

Field Technician

2.1.1

2.1.2

it is the responsibitity of the field technician to read and perform the
calibration in accordance with the methods and requirements specified in
this and all referenced ENSR Standard Procedures.

It is also the responsibility of the field technician to document the procedure
in the field station log as well as on any data forms contained within this
procedure.

Project Manager

221

2.2.2

It is the responsibility of the project manager or designee to ensure that the
calibration is performed at the designated frequency and to ensure that all
necessary calibration equipment is available and properly certified.

It is the responsibility of the project manager or designee to ensure that all
applicable calibration documentation is reviewed for accuracy and
completeness and is reviewed in a timely manner so as to avoid needless
loss of data should an error be discovered.

3.0 REQUIRED MATERIALS

A reference General Time Model EF2733 elapsed time meter or equivalent that has been
certified such that the gain or loss is £2 minutes in 24 hours.

UAWP\2000\2450-017_Basin_NexGen\2620-071 Hi-Vol Timer.doc Page 1 of 4 Revision 1
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4.0 METHOD
4.1 Elapsed Time Meter (Synchronous motor type 60Hz)

4.1.1 Fill out the heading of the Timer Calibration form (Figure 1).

4.1.2  Every 6 months connect a reference elapsed time meter, such as a
General Time EF2733 or equivalent, in series with the sampler elapsed
time meter using a cube tap or muitiple outlet extension cord. The power
cord should be of sufficient length to allow the reference elapsed time
meter to operate inside the shelter.

. 413 Record the start times of both the test and reference elapsed time meters in
the appropriate spaces of the Timer Calibration form.

4.1.4  Allow the system to operate for a 24 hour test period.

4.1.5 Record the end times of both the test and reference elapsed time meters in
the appropriate spaces of the Timer Calibration form and determine the
time elapsed on both meters.

41.6 The time meters must agree within +/- 2.0 minutes. If the meters do not
agree within this tolerance, the test meter must be adjusted and re-tested.
If the test time meter still does not agree after adjustment, it must be
replaced.

4.1.7 If the timers agree, place a calibration sticker on the test elapsed time _
meter, note in the field station log that a calibration took place and include a
copy of the calibration form in the next filter shipment to the laboratory.
Retain a copy of the calibration data sheet at the site.

4.2  On-Off Timer

421 Fill out the headihg of the Timer Calibration form (Figure 1).

4.2.2  On-Off timers are to be calibrated every 3 months against a currently
calibrated elapsed time meter, either the sampler meter or a reference
meter.

423 For multiple sampler systems, start the calibration with a system which is
currently OFF but will operate during the next ON cycle.

U:\WP\2000\2450-01 7_Basin_NexGen\2620-071 Hi-Vol Timer.doc Page 2 0f 4 Revision: 1
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4.24

4.2.5

4.2.6

4.2.7

428

4.2.9

For single sampler systems, the calibration will be conducted during the
next ON cycle.

Record the start times of both the On-Off timer and the reference elapsed
time meter in the appropriate spaces of the Timer Calibration form.

Allow the system to operate for a 24 hour test period.

Record the end times of both the On-Off timer reference elapsed time
meter in the appropriate spaces of the Timer Calibration form and
determine the time etapsed on both meters.

The time meters must agree within +/- 15.0 minutes. if the timers do not
agree within this tolerance, adjust the tripper switches of the On-Off timer
and repeat the test until the system operates within the tolerance.

When the'timers agree, place a calibration sticker on the On-Off timer, note
in the field station log that a calibration took place and include a copy of the
calibration form in the next filter shipment to the laboratory. Retain a copy
of the calibration data sheet at the site.

4.3 Reference Elapsed Time Meter

43.1 The accuracy of the reference elapsed time meter must be verified against
a timepiece of known accuracy once every 6 months.

43.2 Record the start time of the test elapsed time meter.

4.3.3 Call the National Time Standard (303-489-7111) to receive current time.

4.3.4 Turn on the test elapsed time meter and allow it to operate for a 24 hour
test period.

4.3.5 Call the National Time Standard and receive the current time.

43.6 Determine the elapsed time of the reference time source and the test time
meter. The test meter must agree with the standard within +/- 2.0
minute/24 hours.

UWP\200002450-017_Basin_NexGen\2620-071 Hi-Vol Timer.doc Page 3 of 4 Revision: 1
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5.0 QUALITY CONTROL

5.1 Elapsed time meters are to be calibrated every 6 months against a reference
standard accurate to within +/- 2.0 min/24 hours. The test elapsed time meter must
agree with the reference meter within +/- 2.0 min/24 hours.

5.2  On-Off timers must be calibrated every three months against a currently certified
sampler elapsed time meter or a calibrated reference elapsed time meter accurate to
within +/- 2.0 min/24 hours. The On-Off timer must agree within +/- 15.0 min/24
hours. ’

5.3  The accuracy of the reference elapsed time meter must be verified against the

National Time Standard every 6 months. The reference elapsed time meter must
agree within +/- 2.0 min/24 hours.

6.0 DOCUMENTATION
6.1 All calibration documentation is to be recorded on the Timer Calibration form (Figure
1). One copy of this calibration form is to be returned to the TSP laboratory with the
next batch of filters and another is to be maintained at the site.

6.2 Record an éntry in the field station log indicating the dates and times of the timer
calibration.

6.3 Affix a calibration sticker to the calibrated timer.

7.0 REFERENCES

*Quality Assurance Handbook for Air Pollution Measurement Systems, Volume [l, Section
2.2. EPA-600/4-77-027a January, 1983.
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Filter Processing Method for the Date:  1stQtr. 2007
Determination of Suspended Revision Number: 7
Particulates in Ambient Air | Author:  Vincent Scheetz
Discipline: Air Quality Measurements

1.0 PURPOSE AND APPLICABILITY

1.1

1.2

13

14

15

2.0 RESPONSIBILITIES

2.1

This procedure describes the laboratory operations for the processing of the 8" x 10" glass
fiber (TSP) and quartz (PM,,) HIVOL filters before and after sampling. The data obtained in
these operations are used for the calculation of Totat Suspended Particulate Matter (TSP) or
PM;y concentrations in ambient air. A flow diagram of the filter processing procedure is
presented in Figure 1.

Total Suspended Particulate (TSP) is that portion of ambient suspended particulate matter
which is normally collected on a high volume glass filter for 24 hours or specific project
selected sample time and has an approximate 50% cut-size of 40um.

PM;, is that portion of ambient suspended particulate matter which is normally collected on a
high volume quartz filter for 24 hours or specific product selected sample time through a size
selective head mounted on a standard high volume sampler and has an approximate 50%
cut-size of 10pm.

Air is drawn into a covered housing and through a filter by means of a high flow rate blower to
collect suspended particulates having aerodynamic diameters of 0 to 40um. HIVOLS fitted
with size selective heads (PM,) are operated to exclude particles above an aerodynamic
diameter of 10um.

When the sampler is operated at its nominal flow rate (39-60 scfm for General Metals style or
40 scfm 14 for volume controlled hivols) for 24 hours, an adequate sample is obtained to
detect concentrations as low as 1 ug/m®. The TSP & PM;, concentrations in ambient air are
computed by measuring the mass of collected particulates and the volume of air sampled. In
calculating and reporting data, weights are determined to the nearest tenth of a milligram and
mass concentrations are reported to the nearest microgram per cubic meter.

Laboratory Technician

2141 It is the responsibility of the laboratory technician to read and perform the operation
in accordance with the methods and requirements specified in this and all
referenced ENSR Standard Operating Procedures.

21.2 It is also the responsibility of the laboratory technician to complete all necessary
data forms contained within this procedure.

SOPs
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3.0

4.0

2.2

REQUIRED MATERIALS

METHOD

4.1

Laboratory Supervisor

221 It is the responsibility of the laboratory supervisor or designee to ensure that alf
necessary equipment is available and properly certified.

222 Itis the responsibility of the laboratory supervisor or designee to ensure that all
applicable documentation is reviewed for accuracy and completeness and is
reviewed in a timely manner so as to avoid needless loss of data should an error
be discovered.

Analytical balance equipped with a weighing chamber designed to handle unfolded 8" x 10"
glass fiber filters and having a sensitivity of 0.1 mg (Sartorius Model 2432 or equivalent)
certified within the previous 6 months

NIST Class "s" weights certified within the previous 12 months

Clean room gloves to be worn when filters are handled, and to be discarded daily.
Temperature/humidity recorder Yokogawa pr 100 or equivalent accurate to 1 percent RH and
0.5 2C temperature.

Certified Hygrometer accurate to 1 percent RH

Certified thermometer accurate to 0.4 °C

Equilibration chamber, maintained between 15 °C and 25 °C, + 3 °C (59.0-78.09F + 5.4 °F
average temperature and at a relative humidity between 20.0 and 45.0%

Numbering device, capable of printing identification numbers on filters

Light table

Personal Computer to enter data

lonizing units to be placed inside weighing chamber of balances
Forms

. Balance Log Form (Figure 2)

. Filter Log Form (Figure 3)

. Unexposed Filter quality Assurance Form (Figure 4)
. Exposed Filter Quality Assurance Form (Figure 5)

Calibration of Anaiytical Balances

The analytical balances are initially calibrated when first purchased and then anytime after
the balance is moved. Routine calibrations are performed by an independent agency
recommended by the manufacturer every twelve months or whenever the results of daily or
weekly checks are unacceptable. The Service/Calibration Record & Certificate of
Conformance for each balance should be visibly posted near each analytical balance.

The accuracy of the deflection scale on the balance is monitored and controlied using the
following procedure:

411 Daily - An NIST class "s" five gram weight is weighed with the balance set at 5.xxx
grams. This checks the lower end of the deflection scale (0.xxxx decimal places).
The same weight is then weighed with the balance set at 4.xxxx grams. This

SOPs
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4.2

4.3

4.1.2

413

41.4

415

checks the upper end of the deflection scale. A 2 gram NIST class “s" weight is
weighed with the balance set at 2.xxxx grams. This checks the low end of the
deflection scale. The same weight is then weighed with the balance set at 1.xxxx
g. This checks the upper end of the deflection scale.

Weekly - A 2 gram NIST class "s" weight is weighed with the balance set at 2.xxxx
grams. This checks the low end of the deflecticn scale. The same weight is then
weighed with the balance set at 1.xxxx g. This checks the upper end of the
deflection scale.

Measured weights in 4.1.1 and 4.1.2 must fall within £0.5 mg of the true weight. If
not, filter weighing for TSP & PM;, are suspended until the balance has been
recalibrated.

After every 10 filters, the balance zero is checked. If the zero is found to have
drifted by more than 0.3 mg, then the zero is adjusted, then set, and the balance
rechecked.

Records of daily and weekly balance checks are kept in the Filter Processing
Laboratory Analytical Balance Calibration Data Sheet (Figure 2).

Relative Humidity Temperature and Indicators

4.2.1

Daily readings verifying proper conditions (20%-45%) for humidity and temperature
{59-86°F) are recorded on a log (Figure 3) which is maintained in the filter
processing laboratory.

Filter Selection

Glass filters are used in the collection of Total Suspended Particulates while quartz filters are
used for PM,, collection. Filters purchased must meet the following criteria:

Size 20.3+0.2 x 25.4 £ 0.2 cm (nominal 8 x 10 in.)

Nominal exposed area: 406.5 cm® (63 in.%)

Material: Glass or quartz fiber or other relatively inert, nonhygroscopic material (refer
to Tierney, G.P. and W.D. Conner, Hygroscopic Effects on Weight Determinations of
Particulates Collected on Glass-Fiber Filters. An. Ind. Hygiene Assoc. J., 28:363,
1967)

Collection efficiency: 99 percent minimum as measured by the DOP test (ASTM-
2986) for particles of 0.3 um diameter

Recomimended pressure drop range; 42-54 mm hg (5.8-7.2 K Pa) at a flow rate of 1.5
std m*/min through the nominal exposed area.

pH: 610 10

Integrity: 2.4 mg maximum weight loss

Pinholes: none

Tear Strength: 500 g minimum for 20 mm wide strip cut from filter in weakest
dimension (see ASTM Test D828-60)

Brittleness: no cracks or material separation after single lengthwise crease

SOPs
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4.4

These minimum specifications are to be incorporated in all purchase orders of filters for use
by the method indicated in this SOP. Additional specifications may be required if the sample
is to be chemically analyzed.

Filter Inspection (Unexposed Filters)

Each filter is visually inspected for pinholes, loose particles, fraying, tears, creases, lumps or
other defects. Gloves are worn during the handling of all filters (exposed/unexposed) to
eliminate interference from body oils, hygroscopic particles, and static electricity during
weighing operations.

4.4.1 Visual Inspection Criteria for Glass & Quartz Fiber Filters for TSP & PM;, Sampling

The following descriptions of visual defects are used in the acceptance inspection
of filters. Visual inspections for pinholes and other imperfections are made using a
light screen or table. The filters are inspected critically for the following defects:

. Pinhole - a small hole that can be identified by examining both the front and
back of the filter. A filter with such a defect is considered a reject filter. (A
reject filter is considered unusable.)

. Line - occasionally a fine line created by the manufacturing screen across
the filter. A filter with such a defect is considered a defective filter. (A
defective filter is considered usable.)

. Thin spot - a small area (slightly larger than pinhole) viewed from the filter
back that appears to be weak. More light can be seen through this area
than through the surrounding area. Viewed from the front, there is no
evidence of this problem. There can be several spots per filter. A filter with
such spots is considered defective.

. Dense spot - viewed from the filter back, this appears as a dark area
(approximately 1/8"-1/4" in diameter) without sharply defined edges.
Viewed form the front, an accumulation of fitter fibers can be seen. if there
is only ohe dense spot per filter, and the area covered is less than 1/4" in
diameter, the filter will be considered a defective filter. Any fiiter which
contains more than one dense spot shall be considered a reject.

. Dark spot - these spots are distinguished from the dense spots in that such
dark spots resemble "fly specks." Their presence results in a defective filter.
Any filter containing more than two such dark spots will be considered a

reject.

. Loose fiber on filter back - this appears as if a rough object had been moved
across the filter back and ioosened the filter base. If the number of fibers is
small and can be brushed off, the defective filter can be used. If, in EPA's
judgement, the fibers are too large or too numerous to remove, the filter wiil
be considered a reject. :

) Glass fiber - when viewed from the back, this defect resembles a thin spot.
The shape can be circular or oval. When rubbed, the glass may become
detached. No evidence of this defect can be seen from the front. If it

SOPs
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becomes detached and creates a pinhole, the filter is a reject. Otherwise, it
is only defective, i.e. usable.

. Coloration - yellow, red, or other colored spots. A filter with such colorations
is considered a reject.

) Other - a filter with any imperfection not described above, such as frayed
edges or indentations or the results of other poor workmanship may in the
judgement of EPA be considered defective or reject.

A defective filter is one that contains one or more visual defects not considered
reject. Reject filters and defective filters are, therefore, mutually exclusive.

4.5 Filter !dentification (Unexposed Filters)

4,5.1

45.2

With the aid of a consecutive numbering machine, a 6 digit serial number is
assigned to each inspected filter. This number is printed on the side of the
manufacturing number or on the smooth side of each fiiter in the upper right hand
corner. Gentle pressure is used to avoid damaging the filter. For quartz filters, the
batch number is also stamped on the filter at this time since the filter does not have
any manufacturing number.

Filter jackets are also prepared at this time. Computer stickers with the filter serial
number are applied to both the white (TSP) & blue (PM;;) jackets. The
manufacturer's batch number is also marked on the jacket.

4.6 Filter Equilibration

4.6.1

4.6.2

Prior to weighing, both exposed and unexposed filters are set to equilibrate for a
minimum of 24 hours in the conditioning room where temperature between 59.0
and 78.0°F and relative humidity between 25.0 and 50.0% are maintained.

Unexposed filters are equilibrated outside the folders while exposed filters are left
inside the folders.

4.7 Daily Start-Up

4,71

4.7.2

Before weighing the first clean or exposed filter, a balance check is performed
using a 2.0g and a 5.0g NIST standard Class "s" weight.

Actual and measured weights are recorded on the Analytical Balance Calibration
Data sheet (Figure 2} along with the date and operator’s initials. If actual and
measured values differ by more than +0.5 mg, no weighing can take place untii the
problem has been corrected.

4.8 Routine Analysis Procedure (Unexposed Filters)

SOPs
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4.9

4.10

4.8.1

4.8.2

Routine Analysis Procedure (Exposed Filters)

4.9.1

4.9.2

493

4.9.4

Sample Validation

Information required to compute TSP & PM, concentrations must be recorded on the filter
jacket. Any information that is missing and unobtainable upon inquiry to the field technician
or the laboratory supervisor will cause the sample to be invalidated.

The following acceptance criteria have been established to assist in the validation of filters.

4,10.1

4.10.2

4.10.3

4104

. Supervisor for a decision on whether to accept or reject the sample. All action

Clean filters are processed in lots of 50. Initial weight and date weighed are
recorded on each filter jacket. Clean filters are placed in jacket unfolded,
numbered side up. When filters pass the Quality Control audit (see Section 5.1),
they are sent out to the field.

Laboratory technicians are responsible for initial logging of serial numbers, sample
dates, site location, and sampler identification numbers on the TSP Fiter Log
Sheet (Figure 4) upon receipt of exposed filters.

Exposed filters are processed in lots no greater than 50. If samples exceed 50, a
second Quality Assurance Sheet is completed. Final weight and date weighed are
recorded on each filter jacket. Exposed filters are left inside their jackets to
equilibrate.

Any collected particles which come loose upen removing the exposed filter from
the jacket will be recovered. Insects embedded in the filter are removed with

Teflon tipped tweezers (or equivalent) to avoid disturbing the sample.

If the number of insects appears greater than 10 or their total weight greater than
5.0 mg (the audit tolerance of exposed filters), it is to be reported to the laboratory

taken is noted on the filter jacket.

Samples are weighed to 0.1 mg and are recorded on the filter jacket.

The sampling time must be 1440 +60 minutes for a 24 hour sample and must be
diurnally consistent.

The initial and final flows must be in the range of 39-60 acfm for the General Metals
style HI-VOL (TSP). (Consuilt with project manager when final flow is greater than
5.0 acfm of the initial flow.)

The initial and final flows should be within +4 acfm of the flow controller set flow
(FCSP 40.0) for HI-VOLS with size selective head inlets (PM,).

The initial and final flows should be within the bounds of the reviewed calibration
curve in use.

SOPs
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NOTE: It may not be possible to calibrate the volume control HI-VOLS in the
operating range; in this case only, the calibration curve may be extrapolated.
4.10.5 Documentation on the filter jacket must be complete and consistent with the
corresponding sampler calibration data.
4.10.6 The serial number of the filter jacket must be identical to the serial number on the
filter.
4.10.7 There must be no evidence of leaks on the edges of the exposed area of the fiiter.
4.10.8 There must be no evidence of filter damage due to wildlife damage, bad weather,
or due to natural phenomena (Bird damage, excessive insects, or water spots, etc).
4.10.9 The filter must be properly aligned, containing the entire sample on the filter.
4.10.10 There must be no visible damage to the filter (tears, holes, etc.).
4.10.11 Agreement between computer computation and manual calculation must exist.
4.11 Calibration Curves
All calibration curves are received by the filter processing section and are reviewed for the
following:
" 411.1 Review of the calibration curve data sheets for completeness of identification
information (i.e., date, site code, system number, ENSR number, etc.)
4.11.2 Ensuring plotted line is a fair representation of all data points.
4.11.3 Valid curves are initialed and kept with the appropriate filters.
4.12 Calculations
Accurate reporting of total PM¢; mass concentratidn data requires the calculation of the total
standard volume of air sampled (Equation [1]) and the final computation of total PM;, mass
concentration (Equation [2]).
4.12.1 Calculate the total standard volume of air sampled:
Ve = (Qua) (0 | (1)
Where:
Vuaq = total volume of ait sampled in standard volume units, std.m?®
Qqq = average sampler flow rate corrected to EPA-standard conditions, std.m%min
SOPs Page 7 of 20 Revision: 6
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4.12.2

4.13.1

4.13.2

4.13.3

4134

t = total elapsed sampling time, min.
Calculate total PM,, mass concentration in pg/std.m?:

PMio = (10°)(Wq - W)V (2)
Where:

PM1qo = PM;o mass concentration, pg/std.m*

10° = conversion factor, Ho/g

W, W, = gross and tare weights of the HV PM, filter, respectively, g
Vq = total sample volume in standard volume units, std.m®.

4.13 Data Reporting

Data are entered from the filter jacket into the data base via a PC. NO CHANGES
ARE MADE TO THE DATA. If errors are found in the information on the filter
jacket, then the nature of the error must be clearly established and explained on
the filter jacket and in a brief entry in the data base (Figure 5, “Comments"
column).

The system stores all data, calculates TSP & PM,, and allows the technician to
access the data in report form.

Each invalid sam ple is assigned a status code (X or Z) according to the following
criteria:

X = mechanical failure, surface damage, leakage, invalid flow, etc.
Z = acts of God, (natural phenomenay i.e., snow, rain, bugs, etc.

In addition, data loss statements are provided (when data capture is below client
requirements) to facilitate identification of consistent problem areas.

A PARTIC is generated for the client, based on a validated TSP & PM;, report
(Figure 8).

The PARTIC consists of a
J Summary Table (TSP listed in chronological order)
TSP Analysis Summary

. Upon request, an Ordered Rank Table (TSP listed highest to lowest)

The PARTIC report period depends on the particular project requirements (ie.,
monthly, quarterly, etc.).

SOPs
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1)
2)
3)

5.1

5.2

5.3

5.0 QUALITY CONTROL PROCEDURE

Three Quality control audit procedures are used:

Audit of clean filters
Audit of exposed filters
Audit of data processing

Clean Filter Weighing Audits

5.11

5.1.2

Weighing audits are performed on filters in batches of 50. Eight out of 50 fiiters are
randomly selected and reweighed. Temperature and humidity as well as date and
audit weight are recorded on a Quality Control Sheet. (Figure 7).

If any one of the check weights differs by more than +2.8 mg from the original
weight, all the filters in the batch must be reweighed. Quality Assurance Data
sheets are maintained in the Quality Control notebook.

Exposed Filter Weighing Audits

5.2.1

- 5.2.2

In order to allow for possible data corrections, exposed filters should be weighed
and audited as soon as possible after a 24-hour conditioning period.

To begin audit, randomly select and reweigh 10% (or 5 filters, whichever is greater)
out of every lot of 50 or less. This means 100% checking of lots containing four or
fewer filters. All filters in a lot should be reweighed if any audit weight differs more
than +5.0 mg of the original. Enter all data on a Quality Control sheet for exposed
filters. (Figure B).

Data Processing Audits

5.3.1

5.3.2

10% of the filters are checked against the validated PARTIC report to ensure that
all information on the particulate report is exactly the same as what was originally
provided on the corresponding filter jacket. Any changes to this information must
be thoroughly explained on the partic report.

In order to perform quality control of the computer computation of TSP values, one
value per network/month should be manually determined from a calculator or other
source using the equations in Section 4.12. This manual computation is recorded
on the filter jacket selected. This value is then compared to the computer hard
copy print out. If these two values do not agree within the reasonable rounding
deviations, results should be reported to the laboratory supervisor who wiil decide -
on an appropriate course of action.

6.0 DOCUMENTATION

SOPs
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— SOP NUMBER: 2629-201

Comprehensive documentation of the determination of suspended particulates will be achieved
through the completion of the appropriate forms as described in Section 4. These forms include:

Filter Processing Laboratory Analytical Balance Calibration Data Sheet (Figure 2)
Temperature and Humidity Log (Figure 3}

Fiiter Log Sheet (Figures 4)

TSP Report (Figures 5-6)

Quality Assurance Data Sheet for Unexposed High Volume Filters (Figure 7)
Quality Assurance Data Sheet for Exposed High Volume Filters (Figure 8)

e & & & & o

7.0 REFERENCES

U.S. Environmental Protection Agency. 1994. Quality Assurance Handbook for Air Pollution
Measurement Systems Volume II, Section 2.11, EPA-600/R-94/038b,ORD, Washington, DC 20460

Code of Federal Regulations 40 CFR, Part 58, Appendix A, October 2006.
U.S. Environmental Protection Agency. 1997. Code of Federal Regulations. Title 40, Chapter |,

Subchapter C, Part 50, Appendix M. Washington, DC. Office of the Federal Register.
Reference Method for PM,o Sampling (inhalable particulates). 40 CFR 50, Appendix J.
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Figure 2
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Figure 3
RELATIVE HUMIDITY AND TEMPERATURE QUALITY CONTROL LOG
42 NAGOG PARK LAB
Date Time Relative Temperature | Humidifier | Initials Remarks
Humidity Checked

Relative humidity and temperature should be checked and recorded every 4 hours.
Lab conditions should remain between 59 — 78 degrees F with a relative humidity between 25% - 50%.

R:\pubs\mwlNSOPs\2629-201\lig-3.doc
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Figure 4
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SOP NUMBER: 2629-20% | ' Em

Figure 5
nSP REPORT
NETWCRK:  NETWORK NAME SITE: SITE NAME SITE ¥:1
FLOW :

BATE heemanecm———mesmeee—-
SAMPLED ~==TIME~-- WEIGHT OBSERV TRUE FLD AVG ---TSP--- ¥ TEMP PRE:
@2/06/93 FIN 73928.2 4.4774 1.820 43.9 44.0 43.5 1.2 I 25.9 760.

' 03/@4/93.
UNIT @ INIT 72483.2 4.4757 1.770 43.Q 42.9 25.@ T6Q.

@7/08/92
DELT 1445.2 @.Q@17 JACKET #:154735 -~

BATCH # 1905984, CALCURVE:12/22/92, SERIAL &% 17349
COMMENT:DICKSON CHART INDICATES A 24HR. SAMPLING TIHE(HIDNIGHT ~ MIDNIGHT!

22/12/93 FIN 75340.7 4.4836 1.830 44.1 44.1 44.0 9.2 I 25.% 7se@.
@3/e4/93
UNIT L INIT 73328.2 4.4674 1.820 43.9 44.¢ 25,0 768,
@7/08/92
DELT 1412.5 @.0162 JACKET #:154737 -

BATCH # 105984, CALCURVE:12/22/92, SERIARL & 17548
COMMENT:DICKSON CHART INDICATES A 24HR. SAMPLING TIME (MIDNIGHT - MIDNIGHT)

- A e v e G e e RR ML M e s e e e m e e e A W e e e A e s R e i s e N U M M S G e W ML T M Am e W W e T e e me S s e

22/18/93 FIN 76755.6 4.3155 1.800@ 43.5 43.5 43.8 0.8 1 25.0 76@.
®3/15/93
UNIT @ INIT 75340.7 4.2789  1.830 44.1 44.1 15,0 76@.
11/30/82
DELT 1414.9 ©.0366 JACKET #:156643 -

BATCH # @26155, CALCURVE:12/22/92, SERIAL ¥ 17949
COMMENT: DICKSON CHART INDICATES A 24HR. SAMPLE TIME(11:09 PM - 11:90 FM)

22/24/93 FIN 78169.2 4.1240 1.810 43.7 43.5% 43.6 13,9 I 25,0 76@.
. ' 33/15%793
UNIT 1 INIT 76755.6 4.0%97 1.800 43.%5 43.5 , 25.9 76@.
11730792 '
DELT 14132.6 ©.@243 JACKET #:156647 -

BATCE # 2261S¢., CALCURVE:12/22/92. SERIAL # 17343
COMHENT: DICKSON CHART INDICATES A 24HR. SAMPLING TIME (11:Q0PM - 11:0QPM)

e e a  am o e . m s W v W s e 4m v e em b we e . as e e e e  Tm o UE SR W e e e e AR Gm T e TR YR R e e kT M TR TS AR e m e m oam e W
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SOP NUMBER: 2629-201

ENSR

Figure 6

NETWCRK NAME -~ FEBRUARY 1993
Particulate Daily Summary

SITE NAME SITE NAME SITE NAME SITE NAME
TSP " CSP ) Ip CIp
DATE UG/M3 UG/ M3 UG/ M3 UG/ M3
c2/06/493 49.5 48.9 43.4 40.2
02/12/483 - X 19.8 17.2 16.8
" 02/18/93 49.8 $50.3 29.1 29,2
02/24/93 62.3 56.7 40.2 - X
A MEAN £3.9 43.9 32.5 28.7
G MEAN 53.6 40.8 30.6 27.0
G S.MEAN 1.1 1.8 1.8 1.5
TOTAL V 4 4 4 4
GoOD Vv 3 4 4 3
MSNG V 1 0 0 1
D CAP & 75.0 1¢0.0 i00.0 75.0
A MEAN = ARITHMETIC MEAN
G MEAN = GEOMETRIC MEAN G S.DEV = GECMETRIC STANDARD DEVIATION
TOTAL V = TOTAL NUMBER OF VALUES MSNG V = NUMBER OF (—--= X} VALUES
D CAP ¥ = DATA CAPTURE {PERCENT) GOOD VvV = RUMBER OF GOOD VALUES
cw== X = SAMPLE DOES NOT MEET VALIDATION CRITERIA
TSP = TOTAL SUSPENDED PARTICULATES IF = INHALABLE PARTICULATES
CSP = COLLOCATED TSP CIP = COLIOCATED IP
ARREER AR R AR RN IR R AR N R ARAR IR R R AR AR
* Data Validated by *
Run Date: * ENSR Consulting and Engineering *
03/11/93 ERAERE AN AR RAR RN AR R AR RRRANAR KR AR RRRA RN M30228
SOPs Page 16 of 20 Revision: 6
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NETWCRK NAME - FEBRUARY 1383

farticulate Analysis Suomary

Figure 6 (continued)

SITE NAME SITE NAME SITE NAME SITE NAME
TSP csP e CIP
UG/M3 UG/ M3 UG/M23 UG,/ M3
POSSIBLE NUMBER OF RERDINGS 4 4 4 4
NUMBER OF GQOOD VALUES 3 4 4 3
NUMBER OF MISSING VALUES 1 Q 0 i
DATA CAPTURE (PERCENT) 75.4 100.0 100.0 75.0
NATIONAL 12-MO STANDARD 1 75 75 50 50
NATIONAL 12-MO STANDARD 2 60 60 50 50
STATY 12-MO STANDARD 1 75 75 50 50
STATE 12-MO STANDARD 2 80 60 50 50
ARITHMETIC MEAN 53.9 43.9 32.5 28.7
. GEOMETRIC MEAN 53.6 40.8 30.6 27.0
GECOMETRIC STANDARD DEV 1.1 1.6 1.5 1.6
NATIONAL 24-HR STANDARD 1 260 260 150 150
NUMBER OF EXCEEDARCES o 1] e 0
NATIONAL 24-~-HR STANDARD 2 150 150 150 1560
NUMBER COF EXCEEDANCES Q (o] ¢ o
STATE 24-HR STANDARD 1 260 260 150 150
NUMBER OF EXCEEDANCES 0 0 ) 0
STATE 26-!{11 STANDARD 2 150 _ 150 1506 130 .,
NUMBER OF EXCEEDANCES 0 a9 3] 0
Moa0339
STATE IS: NAME OF STATE
STANDARD 1 IS PRIMARY STANDARD
STANDARD 2 IS SECONDARY STANDARD
S22 RS2 RRES SR SRS 2R 2 R R bl sl Rl s
. * Data Validated by *
Run Date: *  ENSR Consulting and Engineering *
03/11/9‘3 FERANARRRAESFANANBREARARRARAR AN RS h A DN
S0Ps Page 17 of 20 Revision: 6
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Figure 6 (continued)

NETWORX NAME - FEBRUARY 1893

Ranked Particulate Summary

SITE NAME SITE NaME SITE NAME SITE NaME

TSP CSP IP cIP
UG/M3 UG,/ M3 UG/M3 UG/M3
62.3 02/24/93 56.7 02/24/93 43.4 02/06/93 40.2 02/06/93
49.8 02/18/93 50.3 02/18/93 40.2 02/24/93 29.2 02/18/93
49.5 02/06/93 48.9 02/06/93 29.1 02/18/93 16.8 02/12/93
19.8 02/12/93 17.2 02/12/93

LAA A A S S LT TR IR LI R T R R R R R e a

* Data Validated by *
Run Date: * ENSR consulting and Engineering *
04/12/93 AR AR AN AA AR AR AR AR NS AR NR NN AR RN AR RN AR .
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Figure 7
QUALITY ASSURANCE DATA SHEET FOR UNEXPOSED HIGH VOLUME FILTERS
Lot Number Batch Number b
Filter Number to :
PRECONDITIONING
Day Date Time R.H. (%) | R.T. (°F) By Remarks
Start
Complete
GRAVIMETRIC ANALYSIS
T T 7 1
z ! :
Day Date | J Time e
¥ 1 f
! ‘ {
Relative Humidity ! % Room Temperature E“F)
Balance Zero* Drift Rezero Prior to Filter
+ 0 - S 1__Yes No Number
initial '
1
2
3
z j | |
Balance Used! | By : i
*Rezero After 10 to 15 Filters
QUALITY ASSURANCE AUDIT
i | i | i-
Day i__..__."__.WJ Date ! i Time b
!
Relative Humidity : | % Room Temperature . : (°F)
! |
Balance Used j Initial Zero i
Filter Number Initial Weight Audit Weight A Weight
**If A weight for any audit filters >+0.0028g, then the entire batch should be reweighed.
% i | %
Certified for use by ! | Datel |
1. Fillers must be free of pin holes, tears, lumps or creases.
2. Filters must be properly equilibrated (24 hours of A.H. =25 — 50% and R.T. = 59 - 78°F).
3. Unexposed fifters should be processed in baiches of 50.
4. Randomly audit eight filters for batches of 50 or less.

R:\pu bé\mwQT\projects\2629-201 \fig-7.doc
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Figure 8

m's

QUALITY ASSURANCE DATA SHEET FOR EXPOSED HIGH VOLUME FILTERS

Network | e Number of Stations...
“ 1
Date From - w.. Date To! i Number of Samples e I
PRECONDITIONING
Day Date Time . [ RH. (%) | RT.{°F) | By Remarks
Start
Complete
GRAVIMETRIC ANALYSIS
| . ! s !
Day o) Date ... ! LA S —
] :
Relative Humidity | % Room Temperature !.. N
Drift o Rezero Prior to Filter
Balance Zero* [ 0 - , Yes No Number
Initial
1
2
3
| |
Balance Usedi ! By i
“Rezero After 10 to 15 Filters
QUALITY ASSURANCE AUDIT
r"““”””’“*“““‘*“m""“‘] i H
|
Day mem_wm.wz Date! : Time ;
? | é !
Reiative HumidityI 1% Room Temperature: : {°F)
H 1 i 3
Balance Used | o Initial Zero L j
Filter Number Site Date Final Weight (g) Audit Weight (g) Delta Weight (g)
] ] ! ' !
Data for this network certified for use by | ! Datel i
1. Randomly select and reweigh four filters out of every 50 or less.
2 If AW for any audit filter differs by more than +0. 00509, then filters for entire network must be
reweighed.
3 Use final weight in audit calculation for TSP.

2629-201\fig-8.doc
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— SOP NUMBER: 2630-101
Operation and Maintenance of TECO Date:  4th Qtr., 1994
49 Ozone Analyzer Revision Number: 1
) Author:  Tony Sacco

Discipline:  Air Toxics Measurements

2.1

2.2

1.0 PURPOSE AND APPLICABILITY
This standard operation procedure (SOP) defines the tasks necessary for the operation and

maintenance of the TECO 49 ozone analyzer. This procedure complies with the provisions
and requirements of ENSR SOP 2600, Traceability of Standards.

2.0 RESPONSIBILITIES

Field Technician

211 it is the responsibility of the field technician to read and perform the
operation in accordance with the methods and requirements specified in
this and all referenced ENSR Standard Operating Procedures.

21.2 It is also the responsibility of the fieid technician to document the procedure
in the field station log as well as on data forms contained or referred to
within this procedure. ‘

Project Manager

2.2.1 It is the responsibility of the project manager, or designee, to ensure that
the operation is performed at the designated frequency and to ensure that
all necessary equipment is available and properly certified.

2.2.2 It is the responsibility of the project manager, or designee, to ensure that all

applicable documentation is reviewed for accuracy and completeness and
is reviewed in a timely manner so as to avoid needless loss of data should
an error be discovered.

3.0 REQUIRED MATERIALS

TECQO 49 instrument Manual
Digital Multimeter

For optical cleaning, a non-metallic rod (wooden dowel, plastic rod, etc.); kimwipes or
equivalent (tissues)

USWP\200002450-017_Basin_NexGem2630-101 Thermo 49.doc Page 1 of 5 Revision 1




| sop NUMBER: 2630-101

. ENSR SOP 2600, Traceability of Standards
. ENSR SOP 2600-001, Precision and Level 1 Span Checks
. ENSR SOP 2600-101, Calibration Check or Audit Using a TECO 49 Ozone Transfer
Standard '
. ENSR SOP 2600-850, Calibration of Strip Chart Recorders
4.0 METHOD
4.1 Weekly Checks
41.1 Sample Flow - the sample flowmeter (both flowmeters on front panel)
should read at least 1 Ipm but not more than 3 lom. Tap the flowmeter
lightly, to make sure the float is not stuck and is actually reading the correct
value. If sticking of float is observed, the rotameter and optics should be
cleaned.
41.2 Verity the proper operation of the anaiyzer by observing the Test A, Test B,
Test P/T, Test Noise and Test A/8 displays.
41.3 Replace the filter element in the sample line particulate filter.
4.1.4  Verify the proper operation of the cooling fan in the TECQ 49.
4.2  Every Two Weeks
4.2.1 Dynamic Zero/Span Precision Check - Refer to ENSR SOP 2600-001 for
the procedures related to zero and precision span checks. Refer to ENSR
SOP 2600-101 for instruction on the use of a TECO 49 transfer standard.
4.2.2  Analog Span Check
During the Zero/Span/Precision check (4.2.1) monitor the analog output of
the TECO 49 with a DVM. [f the TECO 49 is operating on the 0-0.5 ppm (=
0-10V) range, the DVM reading should be 20 x the display on the TECO.
For TECOs setup with 0-10V - 0-1.0 ppm, the DVM reading should be 10 x
the display on the TECO 49.
If these readings are not within tolerance, the D/A conversion is incorrect.
Refer to section VII of the TECO 49 manual.
U:AWP\2000\2450-017_Basin_NexGen\2630-101 Thermo 49.doc Page 2 of 5 Revision: 1




SOP NUMBER: 2630-101

4.2.3

4.2.4

The strip chart recorder should indicate the same voltages as the DVM.
Adjust the recorder as necessary. Refer to ENSR SOP 2600-850
Caiibration of Strip Chart Recorders.

Adjust the ozonator control switch to the designated daily span position and
after obtaining a stable reading disengage the internal ozonator and span
valve.

4.3  All weekly and bi-weekly checks should be recorded on the Status/Data Assessment
Sheet (Figure 1). All operational and periodic checks should also be noted in the
Field Station Log.

4.4 Maintenance

Refer to section V of the TECO 49 Manual for detailed instruction on the following
maintenance activities.

4.4.1

44.2

443

4.4.4

4.4.5

4.4.6

Cleaning of the Optical Bench

Should be performed when frequencies drop below 70 KHZ. I, following
cleaning, the frequencies are still below 70 KHZ, adjust the optical shutters.

Lamp replacement should be accomplished on a yearly basis or as needed.

Temperature and pressure should be checked at least monthly and
adjustments made as required.

At least quarterly, the entire pneumatics should be leak checked and
appropriate repairs made as required.

The ozone remaining catalytic converter should be changed yearly or the
efficiency of the converter must be verified as discussed in section V of the
manual.

The digital to analog converter should be checked once per month (test
A/B). Any deviation from a straight line indicates a probable lost fit (see
troubleshooting section of the manual).

4.5 Before leaving the site, check all listing and mode switches to be certain that the
analyzer is left in the proper sampling configuration.

UnWP\200012450-017_Basin_NexGen\2630-101 Thermo 49.doc Page 30of5 Revision: 1
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5.0 QUALITY CONTROL
5.1 Precision check data sheets should be submitted to the project manager or designee

for review. Calibration inputs should be checked using the transfer standard
calibration equation. '

6.0 DOCUMENTATION
6.1 All weekly and biéweekly checks should be recorded on the Status/Data Assessment

Sheet (Figure 1). An operational and periodic checks should also be noted in the '
Field Station Log.

7.0 REFERENCES

Not applicable.

UA\WP\2000\2450-017 _Basin_NexGem2630-101 Thermo 49.doc Page 4 of 5 Revision: 1
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INSERT STATUS/DATA ASSESSMENT SHEET HERE
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—! SOP NUMBER: 2660-210
Field Calibration Procedure: : Date:  4th Qtr., 1994
Temperature/Delta Temperature Revision Number: 1
Monitoring System Author:  Tom Sroczynski
Discipline: Air T_oxics Measurements

1.1

1.2

13

1.4

1.5

1.0 PURPOSE AND APPLICABILITY

This standard operating procedure (SOP) describes the requirements for field
calibration of all temperature/delta temperature monitoring systems.

A calibration of any monitoring instrumentation must also include calibration
verification of the digital data acquisition system (DAS) and, if applicable, associated
strip chart recorder.

The standard method is to detach the aspirator and temperature probe from the
tower, lower with the signal cable, or alternately reconnect the probe to signal
conditioning on the ground, and place the probe in temperature baths at the tower
base or inside the instrumentation shelter.

For newly installed systems, or for assisting in troubléshooting temperature or delta
temperature systems, an ice bath tower verification may be performed. This check
will confirm the integrity of the entire temperature monitoring system.

This procedure conforms the requirements of ENSR SOP 2400, Traceability of
Standards and ENSR SOP 2660, Meteorological Sensor Siting and Calibration.

2.0 RESPONSIBILITIES

2.1  Field Technician

2.1.1 It is the responsibility of the field technician to read and perform the
calibration in accordance with the methods and requirements specified in
this and all referenced ENSR Standard Operating Procedures.

21.2 It is also the responsibility of the field technician to decument the calibration
in the field station log as well as on any data forms contained or referred to
within this procedure.

2.2 Project Manager
UAWP\2000'2450-017_Basin_NexGen\2660-210 Temperature Delta.docPage 1 of 7 Revision 1
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221 it is the responsibility of the project manager, or designee, to ensure that
the operation is performed at the designated frequency and to ensure that
all necessary equipment is available and properiy certified.

222 It is the responsibility of the project manager, or designee, to ensure that all
applicable documentation is reviewed for accuracy and corhpleteness and
is reviewed in a timely manner so as to avoid needless loss of data should
an error be discovered.

3.0 REQUIRED MATERIALS

. 2 Digital volt meters (Fluke 8060A or equivalent) - calibrated within the previous
twelve months.

. Temperature reference device - (probe/bridge or thermometers) -10 to +50°C range
calibrated within the previous twelve months.

.. Crushed ice.

. 1 gallon distilled water.

. Communication devices (required for tower calibration).

. 3 wide mouth thermos bottles.

. Immersion heater or hot pot.

. Voltage Reference Source.

e  Temperature/Delta Temperature instruction manual.
40 METHOD

4.1 Ground Calibration

4.1.1 "DOWN" the appropriate channel of the DAS to isolate calibration activities
from ambient data collection. Mark the back-up strip chart recorder, if
applicable, with the date, time and your initials.

41.2 For the calibration of delta temperature systems, all the delta temperature
probes must be placed in the same baths together.

UAWP\200012450-017_Basin_NexGen\2660-210 Temperature Delta.docPage 2 of 7 Revision: 1
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41.3

4.1.4

415

4.1.6

41.7

4.1.8

Crush enough ice to fill a thermos approximately half way. Fill the rest of

- the thermos with distilled water. Place the probe and the temperature

reference device in the ice bath (320F). Stirring constantly, allow the bath
to stabilize for 5 to 10 minutes. Record the DAS output, translator output,
the reference bath temperature and the strip chart recorder reading as
"Initial" on the Temperature/Delta Temperature Calibration data sheet
(Figure 1).

NOTE:If platinum resistance thermometers are under test, also record the
bridge outputs in addition to the above information.

Place the probe and the temperature reference device in the hot bath
(1200F). Stirring constantly, allow the bath to stabilize for 5 to 10 minutes.
Record the DAS output, translator output, the reference bath temperature
and the strip chart recorder reading as "Initial* on the calibration data sheet.

NOTE:The hot bath temperature will drift down at a steady rate. Cover the
thermos, if possible, and be sure to take instantaneous readings from the
reference device, the DAS and translator.

Place the probe and the temperature reference device in the ambient bath
(70°F). Stirring constantly, allow the bath to stabilize for 5 to 10 minutes.
Record the DAS output, translator output, the reference bath temperature
and the strip chart recorder reading as "Initial" on the calibration form.

For temperature monitoring systems, the DAS readings for each of the
calibration challenges should agree with the reference device temperatures
within +/- 0.3°C/0.6°F.

Since all the delta temperature probes are challenged in the same baths
together, true delta temperature should be 0.00. The tolerance for delta
temperature systems is 0.10°C/0.18°F.

If the DAS readings do not agree with the reference device within the
tolerances listed above, place the transiator in the zero mode and adjust
the temperature card or delta temperature card zero pots as necessary to
0.00 volts +/-0.01 vdc. The DAS should then read the zero value within the
tolerances listed in 4.2.6 or 4.1.7.

UAWP\200012450-017_Basin_NexGen\2660-210 Temperature Delta.docPage 3 of 7 Ravision: 1
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4.1.9

4.1.10

4.1.11

4,112

41.13

Place the translator in the span mode and adjust the temperature card or
delta temperature card span pot as necessary to 10.00 volts +/- 0.01 vdc.
The DAS should then read the full scale value within the tolerances listed in
41.60r4.1.7.

Repeat steps 4.1.3 through 4.1.9.and verify that all readings are within
tolerance of the reference temperatures in each of the three baths. Record
the results as “Final” on the calibration data sheet.

If, following zero and span adjustment, the temperatures still do not fall
within tolerance when checked in the temperature baths, replace the
translator card, calibrate as above, and record the results as "Final" on the
calibration data sheet. The translator card which was removed should be
returned to the manufacturer for repair.

Reassemble the system. Compare the ambient reference to tower
readings to verify that system readings appear reasonable

"UP" the appropriate channel of the DAS to resume collection of ambient
data. Mark the strip chart "end calibration”, note the time and initialize the
chart.

4.2  Tower Calibration Verification (Optional)

A tower ice bath verification may be performed on new systems to confirm the
integrity of the entire temperature monitoring system, or as a troubleshooting aid.

4.2.1 Prepare the ice baths. For best results use crushed ice and distilled water
for the ice bath.

4,22 The tower persons position themselves at the sensor levels and remove the
probe(s) from the radiation shields after communication between tower and
ground person is established.

423 The ground person positions himself at the signal conditioning location and
is ready to monitor translator output voltages, recorder and digital data
indications.

4.2.4 The ice bath temperature is verified prior to tower climb.
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4,25 The tower person places all probes in the ice bath and stirs the bath for two
to five minutes or until the probes have come to thermal equilibrium with the
bath.

4.2.6 Upon command from the ground person, the tower person calls out the ice
bath temperatures which the ground person logs along with the translator
outputs, recorder and DAS readings.

4,27 Once acceptable results are obtained, use an average of the good data
‘Runs". Record the temperature and delta temperature transtator output
voltages, tower bath temperatures, recorder and DAS readings on the
Temperature/Delta Temperature Calibration Form (Figure 1).

4.2.8  Note that a well stirred distilled ice bath will be 0° + 0.02°C and that all
system indications can be recorded sequentially without repeated checks of
the bath temperatures as long as the probes under test have had sufficient
time to stabilize.

4.3  Aspirator Check

4.3.1 Connect the voltmeter in series with the AC hot wire to the aspirator motor
and set the voltmeter to measure AC current. Energize the motor and
record the motor current. The specifications for each manufacturer are
listed as follows:

Line voltage = Climet0.11 £0.02 amps

115 VAC £10%MRI 0.26 +0.05 amps
- at 60HCZ T-G 0.65 +0.10 amps

Climatronics 0.20 £0.04 amps

RM Young 0.11 +0.02 amps

43.2 If the aspirator is equipped with an airflow switch then verify proper
' operation.

4.3.3 Inspect the aspirator intake and shield area for mechanical damage, foreign
material, or any other abnormal conditions and correct as required.

4.3.4  With the motor running verify that the fan is sucking air through the intake,
and exhausting the air out of the motor housing.
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5.0

6.0

4.3.5 Perform any additional scheduled maintenance per the manufacturer's
manual.

QUALITY CONTROL

5.1

5.2

5.3

Temperature monitoring systems must aiways be left operating within +/-0.3°C/0.6°F
of the reference device in each temperature bath (ice, ambient and hot).

Delta temperature monitoring systems must always be left operating within +/-
0.1°C/0.18°F of zero in each temperature bath (ice, ambient and hot).

As soon as possible following calibration, the completed calibration form should be
submitted to the project manager, or designee, for review. Cailculations are to be
reviewed for accuracy. Standards and test equipment are 1o be reviewed for
traceability and completeness. DAS and strip chart readings are to be reviewed for
agreement and completeness.

DOCUMENTATION

6.1

6.2

6.3

All calibration data is to be recorded onto the Temperature/Deita Temperature data
sheet (Figure 1). This form must be completed and delivered to the project manager,
or designee, for review. A copy of the form must be maintained in the shelter.

All activities performed in the shelter must be documented in the Field Station Log,
including date, the time in and out, technician initials and employee number,
activities performed, the time the sensor is taken off-line and then put back in
service, calibration results as well as any other circumstances which may arise
during the site visit.

In addition, if there is a strip chart recorder associated with the analyzer, the
following information must be noted on the strip chart:

. date

o employees initials and employee number,
. time off and back on-line,

. reason for taking instrument off-line, and

. «an explanation of each significant deflection of the pen.
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7.0

REFERENCES

Appropriate manufacturer's instruction manual.
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Performance Audits of Air Quality Date:  1stQtr, 2007
Monitors Revision Number: 4
' Author: Vincent Scheetz
Discipline: Air Measurements
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1.0  PURPOSE AND APPLICABILITY

1.1 This procedure describes the methods and considerations applicable in conducting
performance audits of air quality monitoring equipment. This procedure compilies
with and is to be used in conjunction with ENSR SOP 2900, Field Audit of Air
Monitoring Instrumentation.

1.2 All standards (i.e., gas cylinders, flow meters, flow controllers, U.V. photometers,
orifices) must be traceable to National Institute of Standards and Technology
(NIST).

1.3 The auditor must be a person uninvolved in the operation and calibration of the
analyzers to be audited. Audit standards must be different from those used to
calibrate the audited analyzers.

20 RESPONSIBILITIES

2.1 Auditor

2141 Itis the responsibility of the field auditor to read and perform the audit in
accordance with the methods and requirements specified in this and all
referenced ENSR Standard Operating Procedures.

21.2  ltis the responsibility of the auditor to document the procedure on strip
chart recorders, in the field station log, as well as on any data forms
contained within this procedure.

213 It is also the responsibility of the auditor to inform the project manager of
the preliminary performance audit results and systems audit findings as
soon as they are available. The auditor should inform the project manager
of any out of tolerance conditions preferably before leaving the monitoring
site.

2.2  Quality Assurance
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2.21 It is the responsibility of Quality Assurance to ensure that the audit is
performed in accordance with this and ati referenced ENSR SOPs, at the
designated frequency and that the audit satisfies the requirements of the
program (ie, PSD).

2.2.2 itis the responsibility of Quality Assurance to generate and distribute the
audit report presenting performance audit results, accuracy statistics and -
systems audit findings. Quality Assurance must also ensure that all
applicable documentation is reviewed for accuracy and completeness, is
reviewed in a timely manner and to inform the project manager should an
error be discovered.

2.3  Project Manager

231 It is the responsibility of the project manager to schedule calibrations or
other corrective action necessary to rectify any audit finding.

23.2 It is the responsibility of the project manager to forward copies of the audit
report to the client.

3.0 REQUIRED MATERIALS -

ENSR SOP 2600, Fietd Calibration Control Plan
ENSR SOP 2900, Field Audit of Air Monitoring Instrumentation

ENSR SOP 2600-101, Calibration Check or Audit Using a TECO 49 Ozone Transfer
Standard

ENSR SOP 2600-700, Operation of the ENSR Portabte Field Calibration System
Equipment and standards as necessary

e A calibrated HI-VOL calibration orifice with associated calibration data, adaptor plate,
and water manometer. The orifice must have been calibrated within the previous 12
months.

o A calibration system such as an ENSR Gascal 82, TECO 49 or equivalent, capable of
producing NIST-traceable concentrations of the appropriate gases, over the full
operating range of the analyzers to be audited: at flowrates at least 20% greater than the
sample flowrates of the analyzers to be audited. The cafibration systems must have
been calibrated within the previous three months.
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* Materials listed in ENSR SOP 2600-700, plus a digital voltmeter, calibrated within the
‘previous 12 months.

4.0 METHOD

41 Analyzer Readings

4.1.1 In all cases, analyzer readings should be taken and recorded on the
appropriate data forms as follows:

) From the data acquisition system (DAS). Use the DAS terminal to
reconfigure the DAS such that audit challenges are excluded from
the valid ambient data base. System responses should be retrieved
as five minute average readings. [f five minute averages are not
availabie, instantaneous voltage readings are to be recorded and

/ converted to ppm once a stable response is observed. A response
is considered stable when there has not been more than a 1.0%
change over five minutes.

. From the strip chart recorder. Mark the recorder pen trace with
"input" and "analyzer response” for each deftection of the pen.
Read the strip chart trace as percent of full scale and record in the
appropriate spaces of the calibration data sheet.

. With a DVM, connected to the appropriate data acquisition system
leads on the analyzer. DVM readings are only recorded when there
is no digital data acquisition system or when there is no DAS
channel designated for a particular parameter (such as NO).

4.1.2  In computing delta percent (A%), use the DAS readings to determine PPM
response. Use the strip chart readings to determine PPM response when
auditing networks with only strip chart data retrieval. Voltmeter readings
are only used as a troubleshooting implement and are not used to
determine A% (Eqation 1). ‘

PPM response - PPM input
A% =

100 1
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4.2 (Gas Dilution

4.2.1

4.2.2

4,23

4.2.4

4.2.5

426

The ideat situation would be to allow the gas dilution system to warm up
overnight. If this is not possible, turn on the gas dilution system and allow it
to warm up for at least 30 minutes.

Set up the clean air unit (or clean air cylinder) and the gas dilution system,
and start clean air passing through the air mass flow controller (or mass
flow meter).

NOTE: The clean air unit should be set up to pull outside air. Extend a line
from the clean air unit air intake outside the shelter door. Do not attach the
clean air intake to the sample manifold.

Disconnect the sample line of the first analyzer to be audited from the
sample manifold, and attach it to one port on a fluoroware vent union tee.
Attach 4-5 feet of teflon tubing to the outlet port on the audit calibrator and
to a branch on the fluoroware tee perpendicular to the analyzer's sample
line. Attach one foot or more of teflon tubing to the remaining branch of the
tee as a vent. Cap any unused manifoid ports to prevent other analyzers
from sampling shelter air during the audit.

Reconfigure the DAS such that the audit challenges are excluded from the
valid ambient data base. Mark the strip chart (in ink) with a line pointing to
the position of the pen at the time when the sampie line was removed from
the manifold and note the date, local standard time, your initials and
employee number and the fact that ambient monitoring has been
interrupted for an audit.

Fill out all heading information on the Gas Dilution Audit form (Figure 1) for
dilution audits.

NOTE: Be sure to identify all audit standards and test equipment by serial
number, calibration date and concentration (if applicable).

Audit gas challenges must be within the foliowing ranges:

for SO,, NQ,, Q3. 0.80-0.90 *
0.35-0.45
0.15-0.20
0.03-0.08
Zero
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for CO: 35.0-45.0
15.0-20.0
3.0-8.0
Zero

*Only if analyzer fulf scale is 1.0 ppm

427 Calculate flows and flow settings suitable for producing the necessary
concentrations (see ENSR SOP 2600-700, Operation of the ENSR Portable
Field Calibration System) while maintaining a total flow rate of at least 20%
greater than the sample flow rate of the analyzer being audited using the
following equations:

PPM = Cylinder Conc. x Gas Flow

2
> (Gas Flow+ Dilution Flow) @
And Flow =M x VDC +B (3)
where
M = Slope
B = intercept

Ve = Calibrator Display

428 Record afl flow settings and flows on the appropriate form and record the
calculated audit concentration (ppm).

4,29 Regulator Purge - Before using any gas from a cylinder, purge the
regulator, as follows:

Purge all regulators outside the sheiter.

Attach the regulator and delivery line to the cylinder.

Close the delivery valve and open the cylinder.

Then close the cylinder and open the delivery valve.

Repeat steps b and c at least five times.

With the reguiator pressurized {cylinder open, and delivery valve
closed), connect the delivery line to the gas inlet port on the dilution
system. It is good practice to open the delivery vaive as one is

0o ao0 o
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4.3

4.4

tightening the delivery line on the dilution system to purge the delivery line.
g. Ifatanytime,the regulator is de-pressurized, the purge procedure
must be repeated. :

4.2.10 After obtaining a stable zero response from the analyzer, continue the audit
with the highest concentration, and finish with the lowest. Allow
approximately 20 minutes for the analyzer response to stabilize to each

. audit challenge.

4.2.11 Foliowing the audit, reconfigure the DAS to begin collecting ambient data,
mark strip chart “end of audit’, initials, date and time and note in the station
log audit results, the time the channels were taken offline and then put back
on line and any unusual circumstances which may have occurred during
that audit.

NO/NO, Zerc Point

The purpose of this check is to challenge the NO, system with known inputs that
correspond to ambient conditions when littie or no NOy is present. Input of 0.000
ppm shouid be generated.

4341 Verify the gas and dilution settings by confirming the gas and dilution
settings on the audit device. Record the gas and dilution flow rates (both
engineering units and meter setting) on the audit form.

432 Since there is no NO gas being input through the analyzer, the NO,
nitrogen dioxide (NO), and NO input concentrations are 0.000 ppm. Enter
the input concentrations on the audit form,

43.3 Allow the analyzer sufficient time to sample. When the trace on the strip
chart indicates a stabilized response, record the output concentrations of
NO,, NO,, and NO measured by the analyzer on the audit form under the
appropriate column.

43.4 Determine the bias between the input concentration and the DAS response.
Enter the bias for each parameter on the audit form.

NO/NO, Multi-Point Checks

The purpose of these checks are to challenge the NO, system with known inputs of
varying concentrations between 10 and 90 percent of full scale.

4.4.1 Set the gas flowrate to achieve an input concentration of NO = 0.090 ppm
(18%) by turning the thumbwheel switch located on the audit device.

442 Verify the gas and dilution settings by confirming the gas and dilution
settings on the audit device. Record the gas and dilution flow rates (both
engineering units and meter settings) on the audit form.

443 Record the input concentration of NO on the audit form. If the gas cylinder
certificate indicates an NO; impurity concentration, calculate the NO,
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concentration in the audit gas using Equation 2-11 in EPA document
Quality Assurance Handbook for Air Pollution Measurements, Volume II:
Ambient Air Specific Methods. The NO, input concentration will be equal to
the NO + NO; input concentrations. Enter the NO,, NO,, and.NO input '
concentrations on the audit form. '

4.4.4  Allow the analyzer sufficient time to sample the audit gas. When the trace
on the strip chart indicates a stabilized response, record the output
concentrations of NO,, NO,, and NO measured by the analyzer in the
appropriate column on the audit form. Calculate the delta percent between
the DAS response and input concentrations using the equation 4: ‘

A% = [ DAS response - input

X 100
input ) (4)

Enter the deita percent vaiues for NO, and NO under the appropriate
Percent Difference column on the audit form.

445  Generate two more NO/NO points at approximately 40 and 90 percent of
full scale foliowing the procedures outlined above for each point. The gas
flow rate should be adjusted to achieve input concentrations of NO equal to
0.200 ppm (40%) and 0.450 ppm (80%).

4.5  Generating NO, via GPT

The purpose of this check is to convert a percentage of NO to NO, by Gas Phase
Titration. This is accomplished by introducing ozone into the audit gas steam, which
reacts with the audit NO gas to produce NQ,.

45.1 Before generating the NO, data, determine the calibration relationships
(linear regression) of NO and NOx using the data collected in Sections 3.3
and 3.4. The siope and intercept of the NO data will be used to determine
the NO, input. The slope and intercept of the NO, data will be used to
determine the amount of NO, that is converted to NO. Record the linear
regression results on the audit form.

45.2 While maintaining the audit input NO concentration at 0.450 ppm, activate
the ozonator on the audit device and adjust the amount of O used for the
reaction. Adjust the setting to convert approximately 80 percent of the input
NO gas to NO..
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Note: The input concentration of NO. is determined after the NO, response has

stabilized.

Record the Os, gas, and dilution settings on the audit form.

453

45.4

Allow the analyzer sufficient time to sample the audit gas. When the trace
on the strip chart indicates a stabilized response, record the output
concentrations of NO,, NO,, and NO measured by the analyzer under the
appropriate column on the audit form.

To calculate the designated NQ; input concentration, folow the procedure
outlined in Section 2.4.3 of the EPA document Quality Assurance
Handbook for Air Pollution Measurements, Volume Il Ambient Air Specific
Methods and Appendix 15, Section 3 of Volume II, Part 1.

Note: The NO, input concentration will be equal to the input concentration from the NO
span check for the remainder of the GPT check if the gas and dilution settings were not
changed since the span check.

4.6

A7

4.5.5

45.6

Calculate the delta percent of the NO channel foliowing the procedure in
Section 3.4.4 and record the results in the appropriate column on the audit
form.

Continue the audit by generating two more NO, points by converting
approximately 40 and 80 percent of NO, respectively. Follow the
procedures outlined above for each point.

Converter Efficiency

This calculation is used to determine how efficiently the catalytic converter performs
the NO» to NO conversion. ‘

4.6.1

4.6.2

Determine the amount of NO, converted 10 NO by following the outline in

Section 2.3.2 of EPA.

The converter efficiency is defined as the slope of the NO; (converted) to

the NO; (input) line multiplied by 100.

The converter is assumed to be within tolerance if the converter efficiency
is > 96.0%.

Data Acquisition System

4.7.1

4.7.2

System responses to audit inputs should be retrieved as five minute
averages from the DAS. As such, the proper operation of the DAS is
verified and documented as part of the audit.

Following stabilization of the analyzer response to the audit input, five .
minute average readings should be observed until two successive

‘responses agree within two or three ppb of each other. A column on the
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4.7.3

data form should be labeled "DAS" in which DAS responses should be
recorded.as well as noted on the strip chart recorder.

DAS responses to calibration inputs should be compared to analyzer
analog output as observed with a calibrated digital voltmeter to verify
agreement between the analyzer output and the value reported by the
DAS. The DAS and analyzer output should agree within +/- 0.002 volts.

4.8  Strip Chart Recorder

4.8.1

4.8.2

483

DAS responses to audit inputs are to be noted on the strip chart recorder.
The notations on the strip chart recorder should explain each significant
deftection of the recorder pen, audit date and beginning and ending times
as well as the auditor's initials and employee number.

A column on the audit data sheet should be labeled "Strip Chart Recorder"
and strip chart readings should be recorded in this column expressed as
percent full scale.

Following stabilization of the analyzer response to the audit input, the strip
chart recorder readings must agree with the DAS within +/- 1.0%.

4.9 Standards Comparison

4.9.1

4.9.2

The network portable calibration standard {dilution system and gas
standard) should be compared to the audit calibrator for all parameters
which are continuously monitored in the network. Use the calibration data
for each network calibration standard to generate two concentrations equal
to the highest and lowest audit input concentrations. Enter these settings
and concentrations in the In-station calibrator verification section in the
lower left-hand corner of forms Figures 1, 2 or 3. Obtain an analyzer
response at each of the network calibration standard settings and compare
them to the analyzer responses to the same input concentrations from the
audit calibrator. Compare the NO channel response for NO; analyzers.

A comparison of the network transfer standard for ozone should be
conducted by direct input of known (corrected) concentrations of ozone
produced by the audit device into the network transfer standard for
measurement. The network transfer standard display shouid be corrected
using the calibration data included with the instrument. The corrected audit
device input and corrected network transfer standard response should be
compared to determine percent difference.

4.10 U.V. Photometer
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Refer to ENSR SOP 2600-100, Calibration Check or Audit using a Dasibi 1003 PC or 1003
RS or ENSR SOP 2600-101, Calibration Check or Audit using a TECO 49 Ozone Transfer
Standard. Record all data on the O3-UV Photometer Calibration form (Figure 3).

411 In-Station Calibrator Check (Optional)

Activate SPAN mode on the calibration controller, for the analyzer you have just finished

auditing.

4.11.1

4.11.2

4113

Metronics 230 - In the in-station calibrator documentation, find a calibration
curve for the rotameter, and a Laboratory Verification form that gives the
permeation rate. Determine flow settings required to reproduce two of the
audit concentrations with the in-station calibrator {preferably the highest
and lowest audit concentrations). Enter these settings, flows and
concentrations in the lower ieft-hand corner of forms Figures 1, 2, or 3.
Obtain an analyzer response at each of the in-station calibrator flow
settings. Compare the analyzer responses to the same concentrations
from audit calibrator and in-station calibrator. Be sure to return the in-
station calibrator to designated settings.

ML 8500 - In the in-station calibrator documentation, find a curve of flow
setting vs. ppm output. Find the flow settings required to reproduce two of
the audit concentrations (preferably the highest and lowest) with the in-
station calibrator. Fill out the in-station calibrator verification section of the
form (lower left hand comner). Compare the analyzer responses to the
same concentrations from the audit calibrator and in-station calibrator. Be
sure to return the in-station calibrator to designated settings.

Return the calibration controlier to MONITOR, and return the analyzer
sample line to the manifold.

412 HI-VOLS

4121

Transport the following equipment to the monitoring site:

o Audit orifice transfer standard with calibration relationship in actual
volumetric flow-rate (Qa) units and traceable to NIST. The audit
orifice transfer standard’s faceplate or filter cassette may require
modification to ensure a good seal during the performance audit.
The audit orifice transfer standard should not be the same one that
is used for routine calibrations and QC flow checks.

o An associated water or oil manometer, with a 0- to 400-mm (0-to
16-in.) range and minimum scale division of 2 mm (0.1 in.).

o A thermometer capable of accurately measuring ambient air

‘temperatures over a range of 0 to 50 oC to the nearest 0.1 °C. This
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thermometer should be traceable with an accuracy of 0.1 °C to a
NIST-certified thermometer or an ASTM thermometer,

o A portable aneroid barometer {e.g., aclimber's or engineer’s
altimeter), capable of accurately measuring ambient barometric
pressure over the range of approximately 500 to 800 mm Hg (66 to
106 kPa) to the nearest millimeter Hg and referenced within +5 mm
Hg of a barometer of known accuracy at least annually.

o VFC Sampler Audit Data Sheet. ,

o A clean filter.

rate for sampling periods, and any other information or equipment that is normally used to
determine the sampler's indicated flow rate,

4.12.2

4.12.3

4.12.4

4.125

4.12.6

4.12.7
4.12.8

4.12.9

Ensure that the audit orifice has been calibrated within the past year; that
the lookup table is current and is the proper document for the device being
used. Connect a 8" water or unity oil manometer to the calibrated orifice.
The flexible tube which connects the orifice and manometer must be tight at
both ends, must be free of holes and the manometer must be heid in a
vertical orientation.

Fill in the appropriate spaces on the Particuiate Sampler Audit form
(Figure 5). Obtain the seasonal average temperature (T2) and site mean
pressure (P2) from the most recent calibration curve for the audited
sampler. :

Determine the present ambient temperature (T,) and barometric pressure
(P,). '

Install a clean fiiter in the VFC sampler. A filter cassette may be used if the
audit orifice transfer standard can be properly mounted on top of the
cassette. Otherwise, install the filter without the cassette. An audit filter
should never be used for subsequent sampling because particles >10 ym
can be collected on the filter while the inlet is raised. The sample mass will
be biased as a result of using a filter for both an audit and subsequent
sampling.

Install the audit orifice transfer standard’s faceplate on the sampler. Check
that the gaskets are in good condition and have not deteriorated.

Install the audit orifice transfer standard.

Leak-test the audit system; identify and correct any leaks before
proceeding.

Inspect the audit manometer connecting tubing for crimps or cracks. Fully
open the valves and blow gently through the tubing, watching for the free
flow of the fluid. Adjust the manometer sliding scale so that the zero line is
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at the bottom of the meniscuses. Connect the audit manometer to the
pressure port on the audit orifice transfer standard. Make suré the
unconnected side of the manometer is open to the atmosphere. Make sure
that the tubing fits snugly on the pressuré port and on the manometer.

4.12.10 Read and record the following parameters on the VFC Sampler Audit Data

' Sheet: '

Sampler location, date, time

Sampler model and S/N

Ambient temperature (T,), °C and K (K=°C +273)

Ambient barometric pressure (Pa), mm Hg (or kPa)

Unusual weather conditions

Audit orifice transfer standard’s S/N and calibration relationship

Sampler lookup table number of other calibration relationship

currently in effect.

4.12.11 Turn on the sampler and allow it to warm up to operating temperature (3to
5 min). _

Note: The sampler inlet may be partially Jowered over the audit orifice transfer standard to

act as a draft shield (if a shield is not otherwise provided). Use a block to provide at least 2 in.
of clearance at the bottom for air flow and for the manometer tubing.

4.12.12 When the sampler has warmed up to operating temperature, observe the
pressure drop across the orifice by reading the tota! manometer deflection
and record as AH20 on the audit data sheet.

4.12.13 Instruct the operator to measure the sampler's relative stagnation pressure
(i.e., relative to atmospheric pressure) with the manometer (or other
pressure measurement instrument) normally used to measure stagnation
pressure. Record the relative stagnation pressure as APstg on the data
sheet. If APstg is measured in inches of water, convert the reading to

_ millimeters Hg using Equation (5):

00 CcCo0oo0O0o0

mm Hg = 25.4 (in. H:0)/13.6 (5)

4.12.14 Compute the absolute stagnation pressure, P1, as:
P1 = Pa - APstg (6)

and the absolute stagnation pressure ratio as:
Stagnation pressure ratio = P1/Pa (7)
Record the P1/Pa ratib on the audit data sheet.

4.12.15 Determine the flow rate through the audit orifice transfer standard, Qa
(audit), using Equation (8):
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Qs (audit) = {[AHO(T/P.)]'"? - b} {1/m) {8)
where:

Qa (audit) = actual volumetric fiow rate indicated by the audit orifice, m3min;
AH,0 = pressure drop across the orifice, mm (or in.) H,O;

Ta = ambient temperature K (K=12C +273);

Pa = ambient barometri¢ pressure, mm Hg (or kPa);

b = intercept of the audit orifice transfer standard'’s caiibration relationship; and
m = slope of the audit orifice transfer standard’s calibration relationship.

4.12.16 Instruct the operator to determine the sampler’s indicated flow rate, Qa
(sampler), using the P1/Pa value obtained in Step 7 and the sampler’s
lookup table or alternative calibration relationship. Record this flow rate on
the audit data sheet.

4.12.17 Calculate the audit flow rate percentage difference between the sampler’s
indicated flow rate, Qa (sampler), and the corresponding audit flow rate, Qa
(audit), determined from the audit orifice transfer standard as:

Audit flow rate % difference = [100] X{ [Qa (sampler) - Qa (audit)}/Qa (audit)) (9

For the moment, this value should be considered as tentative. Record this value on
the audit data sheet.

4.12.18 If the audit flow rate percentage difference is within +10, the value may be
considered as firm and may be recorded on Part 1 of the audit data sheet.

4.12.19 Tumn off the sampler and remove the audit orifice transfer standard. If the
audit flow rate percent difference is not within 10%, a 3-point audit will be
conducted foliowing the guidance in the EPA QA handbook, Section
2.1.7.2, steps 23-32, Otherwise, the 1-point audit procedure will continue
to be followed as described in sections 4.12.20-4.12.25 of this SOP.

4.12.20 With a filter installed on the sampler in the normal sampling configuration
(i.e., with a fitter cassette, if normally used), turn on the sampler and allow it
to warm up to operating temperature.

4.12.21 Measure the sampler's relative stagnation pressure, APstg, and caiculate
the absolute stagnation pressure ratio, P1/Pa. Record these data on Part 1
of the audit data sheet. Turn off the sampler and replace the vacuum cap
on the stagnation pressure port.

4.12.22 Calculate the sampiler’s indicated operational flow rate, Qa (sampler), using
the P1/Pa value obtained and the sampler’s lookup table or alternative
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calibration relationship. Record this flow rate on Part 1 of the audit data
sheet.
4.12.23 Calculate the corrected sampler flow rate using Equation (10):

Qa (corrected sampler) = [Qa (sampler)] X [(100 - audit % difference)/100] (10)

where Qa (sampler) is obtained from above, and the audit flow rate percentage
difference is obtained as in equation 9 above. Record this value on Part 1 of the
audit data sheet.

4.12.24 Calculate the design flow rate percentage difference between the corrected
sampler flow rate from equation 10 and the iniet design flow rate of 1.13
m%/min as:

Design flow rate % difference = [100] X [{Qa (corrected sampler) - 1.13}/1.13]
(1)

4.12.25 If the design fiow rate percentage difference is within £10 percent, the
sampler calibration is acceptabie. Differences exceeding +10 percent
shouid be investigated and may result in the invalidation of all data
obtained subsequent to the last calibration or valid flow check. Before
invalidating any data, double-check the audit orifice transfer standard's
certification, and all calculations. This completes the one-point audit. Return
the sampler to its normal operating configuration.

4.13 Systems Audit

4.13.1 Following the performance audit, conduct a systems audit as described in
ENSR SOP 2900, Field Audit of Air Monitoring Instrumentation.

4.14 Packing Equipment

4141 General

. Pack equipment in reusabie shipping containers whenever possible.

. When unpacking equipment in the field, keep all packing material.

. Wrap all equipment in plastic bags before packing it in styrofoam.
U:\WP\2000\2450-017_Basin_NexGen\2900-001 AQ Audit.doc Page 14 0f 25 Revision: 3
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Pack equipment tightly, so that it is shock-resistant and impact-
resistant.

When using cardboard boxes, tape thoroughly with strapping tape.
Be sure to reinforce the corners.

4.15  Shipping Equipment in the Field

4.15.1

Gas Cylinders

in order to ship gas cylinders by air freight, it will aiways be
necessary to fill out a Restricted Articles (R.A.) form (see Figure 6).

Always bring the cylinders to the shipper and fill out the R.A. forms
there. Different shippers and different offices of any given shipper
will often have their own specific requirements as to how the R.A.
form should be filled out. The guidance presented in Figure 6
applies to shipping non-flammable gases according to IATA
regulations as of 5/93.

Gas concentrations should be given as percent on these forms. To
determine percent from ppm, just divide the ppm value by ten
thousand.

€.9.:50; or NO (50 ppm) = 50/10,000% = 0.005% = 1%
CO (1000 ppm) = 1000/10,000% = 0.1% = 1%
CO: (350 ppm}) = 350/10,000% = 0.035% = 1%

However, it is only necessary to state that the concentration is less
than 1.0%

Also state the balance. (e.g., 1% Sulfur Dioxide and 1% Carbon
Dioxide, Air Balance; or 1% Nitric Oxide, Nitrogen Balance).

Be sure you know the approximate pressure in the cyiinder. The

column on the R.A. form headed "Net Quantity Per Package" is for
the amount of gas in each cylinder, in grams. Use the table below
to determine the quantity in grams from the approximate pressure.

PSIG GRAMS

2000 - 2500 1200
1500 - 2000 1000
1000 - 1500 750

U:\WP\2000\2450-017_Basin_NexGen\2900~001 AQ Audit.doc Page 15 of 25 ’ Revision: 3




| SOP NUMBER: 2900-001

500 - 1000 500
500 250
. "Name and fulf address of Shipper" = enter ENSR, with the address
of your office.
. *Name and title of person signing Certification" = enter your name
and title.

4.15.2 General

. Review all waybilis to make sure the origins and destinations are
correct before leaving everything in the hands of the shipper.

. Make sure a waybill has been filled out for every package to be
shipped.

5.0 QUALITY CONTROL

5.1

5.2

5.3

5.4

5.5

Ambient air quality instrumentation responses must agree with the audit standard
challenges within +/- 10.0%.

Particulate sampler indicated flows must agree with the audit determined flows
within +/- 7.0%.

Data acquisition system responses must agree with the analyzer analog output as
read with a calibrated digital voltmeter within +/- 0.002 valts.

Strip chart recorder responses o audit challenges must agree with the system
responses as determined from the data acquisition system within +/- 1.0%.

" Analyzer responses to two identical network standard and audit standard inputs
must agree within +/- 10.0%.

6.0 DOCUMENTATION

6.1 Leave copies of the completed audit data sheets at the site. If you do not have
extra copies enter a summary of average % by parameter in the logs.
6.2  The log sheets should contain a brief chronology of your actions.
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6.3 Every significant defiection of the recorder pens during your visit should be labeled.

6.4  Strip charts shouid be labeled with the date, the auditor's initials and employee
number, and the audit start and end time.

6.5  Notify the project manager promptly if analyzers are found out 6f tolerance,
preferably before leaving the site.

6.6  Audit data, including all completed data sheets and checklists, should be delivered
to the ENSR QA department at ENSR, Westford, MA.
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TABLE 1

CORRECTION FACTORS FOR NWS PRESSURES

’

Site Elevation Above Mean Sea t.evel
Ft. Meters Correction Factor
11000 3353 0.561
10500 3200 0674
10000 3048 0.688
9500 2896 0.701
9000 2743 0716
8500 2591 0.779
8000 2438 0.743
7500 2286 0.757
7000 2134 0.771
6500 1981 0.786
5000 1829 0.801
5500 1676 0.817
5000 1524 0.832
4500 1372 0.848
4000 1218 0.864 |
3500 1067 0.880 |
3000 914 0.896
2500 762 0.913 I
2000 610 0.930 |
1500 475 0.947 |
1000 305 0.964
500 152 0.982
0 0 1.000
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Calibration Curve
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Figure 4. Calibration Curve
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VFC Sampler Audit Data Sheet (Part 1)

Slagnation Pressure (AP

Absclute Stagnation Pressure (P
Stagnation Pressure Ratio (PSP}

Q, (samplery

Audtt Flow Rate Percentage Difforence®
Q,{correctad samplar)t

Design Fiow Rate Percentage Diffsrence’

Statonlocation Indianapolls  Date {4;2:57 Time 2.15 PM
Sarmgpier Mods) Wedding SIN 1040870285C
P, 73 mmHg T, 11 *Cor 284 K Unusual Condttions None

9
Aumﬁce S/N 10387 Crifice Calbration Data TIZRINT
Orifice Calibration Relationship; m= 14,2430 b= -0.0062 r= 0.9999
Sampfer Calibration Relationship: ms= Lookup b= Table r= Used
Crifice Pressure Drop (AH,0) 4.5 In. H,0 Q,(orifice)*  1.063 m¥rmn

With Orifice Installed Without Orifice Installed

39.37 mm Hg 33.02 mm Hg
699.63 mmHg 705.98 min Hg
W (see note) ——E—B—ST {see note}
11214 m¥min W m¥min

55 % (see ncte)
1.083 mmin
4.2 %

Note: If PP, is less than the values that are listad in the manufacturer's lookup table or if audit flow
rate percentage difference is greater than £10 percent, proceed to Part 2 of the VFC Sampier
Audit Data Sheet Otherwise, complete this part,

* Q,{orifica} = {[A(H0) (TP, 1'2 - b} {1/m)
® PP, - AP,

¢ Determine Q,{sampler) from manufacturer's lookup table (or from altarnate calibration retationship).

¢ Audit % difference « [100] I

Q, (audit)

with the orifice instalied.

Q_(sampler) « Qa(audit)] where Q, (sampler) is measured

Q,(correctad sampler) » Qa(sampier)[

-

100 without the orifice installed.

100 » Audit % diffgrence} where Q_(sampler) is measured

Design flow rate % difference - [100] [

Auditor

R. Wright

1.43

Q,(corracted sampier) « ms}

Chsarver K, McDaniel

Figure 5. VFC Sampler Audit Data Sheet
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VEC Sampler Audit Data Sheet (Part 2)

Station Location Indianapolis  Cate  11/24/97  Time 2:15PM
Sampler Model . Wedding SN 1040870285C
P, 73 mmHg T, 14 G+ 284 K tinusual Conditions  None
2
Audit Orifice SIN - 10387 Onfice Calibration Date  7)22197
Orifice Calibration Relationship: m= 1.2430 b= .0.0082 r= 3.9999
AHO AP, P, PP, Q, {Orifice)
Plate No. (inJ) {mum Hg) {mm Hg) {mm Hy) wp? {m®fmin)
1 4.5 39.37 699.63 0.9467 0.9730 1.063
2 4.35 44.45 694.55 0.8399 0.9695 1.045
3 4.1 52.07 686.93 0.9295 0.9641 1.01 SJ |
|

Provisional Sampler Calibration Relationship: (X = Q, (Crifice). ¥

me= 0.1849 be= D.77864

= (PP)'"7)

[!:

0.9998

Measuraments with titer installed and Audit Orifice Transter Standard removed:

APy 33.02 mm Hg P 705.98 mm Hg
PP, 0.9553 PIPIZ 0.9774

. Q,{audit} 1,087 mmin Q, (sampler¥ * 1,146 m3fmin
Audit Flow Rate Percentage Difference® 5.4 %
Dasign Fiow Rate Percentage Difference® -3.8 %

P, = P, - AP .

4 Audit flow rate % difference » [100] 5 Q, (audit}
a

Q,(audH) * 1.13}

* Design flow rate % difference » (100} i R

" Auditor  R. Wright

Observer

Q, (sampler) * Qa(audkt)}

> Q) (audit) is determined from the provisional sampler calibration relationship.
© Q,(sampler) is determined from the lookup table or alternative calibration refationship.

K. McDaniel

Figure 5. VFC Sampler Audit Sheet (Continued)
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Purpose and applicability

This Technical Instruction applies to all ENSR calibrations of continuous air quality analyzers and
conforms to the requirements of ENSR SOP 2600 - Field Calibration of Continuous Air Quality
Analyzears,

Standard ENSR Forms are included with SOP’s for each type gas analyzer used by ENSR. Refer to
ENSR SOP 2630-101, SOP 2600-224, and SOP 2600-136 for calibration forms for O3, SO2, and NOx
analyzers respectively for ali field calibrations of continuous air quality analyzers

Specific instructions on method of calibration and on operation of a calibrator are found in Technical
Instructions and/or manufacturers’ manuals pertaining to that equipment.

General

Determine the appropriate spreadsheet form on the basis of calibration method.

The top section of the forms is for the identification of the analyzer being calibrated, the standards
used, and the location and date.

Perform all routine checks required by SOPS, TECHINSs, and instrument manuals before beginning
the calibration. This information should be entered on weekly check sheets specific to the analyzer to
be calibrated or in the Field Station Log. '

Enter all flow settings and flows (cc/min) appropriate for the calibration method, and enter the actual
concentration cotresponding to those settings. If the form is filled out properly, it will be possible for
anyone to caiculate "Input PPMy" from the information on the form and get the same numbers.

Some of the column headings on the forms have "0" or "D" in parentheses with asterisks. The
numbers in these columns are used in the equation near the lower right-hand corner of the forms to
calculate the corresponding A%. The A% should be calculated for each reading during the calibration
so that the technician knows whether all readings are within +10% of designated (see ENSR SOP
2600).

It is good practice to choose the approximate concentrations you wish to generate with your calibrator
first, and then calcuiate flows. Computations are performed in electronic spreadsheets and should be
checked carefully fto see if values are reasonable. Before accepting entering the numbers on your
form;

2.6.1 Make sure all flows are within the useable range of the flowmeters; and

2.6.2 Make sure the concentrations are well spaced over the range with the highest concentration
at 80-90% of full scale. ‘

The forms are not the only source of documentation. if strip charts are used at the site, the strip chart
record of the calibration should be clearly labeled with an explanation of each deflection of the pen,
the exact time the instrument was taken off ambient sampling, the exact time it was returned to
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ambient, the date, and name of the technician. The Field Station Log should contain an account of

1? '; :“\*'i l
Technical Instruction Author:  Patrick McKean l
everything anybody does inside the shelter, including, of course, calibrations. I

2.8 Analyzer responses are recorded in volts (taken from a DMM) and in ppm (taken from the DAS or
strip chart if an historic data base is used - as in most PSD networks). A% is calculated from ppm
values. If a discrepancy greater than +0.2 volts exists between DMM and recorder, the recorder must
be recalibrated.

3.0 Gas Dilution Systems (gases other than NO)

3.1 Use the appropriate spreadsheet for the specific gas dilution systems.

3.2 Enterthegas cylinder number (this number consists of 2 letters and 4 numerals) and concentration in
the appropriate spaces. These values can be found on the tag attached to the cylinder, or in the
laboratory certification documents.

33 The flow meters or flow controllers in the dilution system will each have a calibration curve relating
flow setting (usually VDC) to flow (cc/min or 1pm). The numbers entered under Flow Setting and Flow
should represent points on those curves. The values entered in the columns entitled "Dil. or Total (for
Perm.)" should represent the dilution flow; not the total flow.

34 The numbers in the two "Flow" columns and in the “Input PPMp" column are related to the cylinder
concentration by the following equation:

Input PPMp = Cylinder Conc. X Gas Flow
(Gas Flow + Dil. Flow)

35 Analyzer readings are entered in voits and ppm, but A% is calculated from ppm vaiues.

4.0 Nitric Oxide Dilution and Gas Phase Titration (GPT)

41 For calibrations of NO/NO, analyzers, refer to the calibration forms on the laptop.
42 All appropriate spaces should be filled in on both forms.

4.3 Flow setting and flow columns are filled out as in 3.3 and 3.4. The NO dilution portion of the calibration
is essentially the same as other gas dilution calibrations.

4.4 For the gas phase titration portion of the calibration:

4.4.1 The flows and flow settings on this form are the ones that correspond to the highest NO
concentration; these flows do not change during GPT. :

4.4.2 The "O, Setting" column is for any flow setting or switch position that directly affects the
amount of ozone being produced. In some cases there may be two or more different settings
that are used to manipulate the rate of ozone production.
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4.4.3 The "Input NO," column is for the total amount of NO + NO,. This value does not change
during GPT.

4.4.4 The column labeled "NO./O; Input - NO,GPT" is for ANO, which for a calibrated analyzer will
be equal to the actual NO, input. The ANO is determined by subtracting the ppm response of
the NO channel at each ozone setting from the NO channel response before the ozone is
turned on.

4.4.5 The columns labeled “NO:/O; Analyzer Respense” will be the NO, channel response, in this
case. Enter NO, responses observed during GPT in the far right-hand "Adjusted" column.

4.4.6 Converter Efficiency.

A data form has been developed for determining the converter efficiency. The foliowing
procedure is for use with this data form,

1. Values for Columns |, 2, and 3 of the converter efficiency data form are taken directly from the
calibration data form.

Converter Efficiency Data Form (Example)

Calibration

1 - 2 3 4
point [NOz]our [NOx]Joric [NOx]Jrem [NOzJconv
(x) {y)
Zero set point 0.000 0.450 0.450 0.000
80% URL 0.400 0.450 0.440 0.390
1 0.200 0.450 0.445 0.195
2 0.100 0.450 0.450 0.100

Slepe (b) = 0.97
Converter efficiency = 100 xb = 97%
[NOz]cony = [NOzjour - ([NOxJoria - [NOx]rem)

2. Calculate the quantity of NO2 converted to NO, labeled [NO2]Jcony, for each point using the following

equation;

[NOlcony = [NO2]oyr - (INOX]omig - [NOXJrem)

3. Plot [NO2]cony (y-axis) versus [NO2]oyr (x-axis), and the converter efficiency curve, and then calculate
the slope (b) of the curve using either the spreadsheet or an appropriate calculator using the method of least
squares regression.

4. Muttiply the slope (b) of the curve by 100 to determine average converter efficiency; if the efficiency is
less than 96%, either replace or service the converter,

U:\WP\2000\2450-017_Basin_NexGen\2901-001
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ENSR AL

TGChnica| |nstruction ' Author:  Patrick McKean

Documentation of Field Calibration of Continuous Air Quality Techin No..  2901-001

Analyzers Revision: 1
Y Date: 3" Quarter, 2006

5.0 In-Station Calibrator Verification

5.1 This should be done immediately after any calibration.

5.2 In the box at the lower left-hand corner of the form, one column is labeled "Concentration." Choose
two of the concentrations generated for the calibration of the analyzer and enter them in this column
{one low and one high concentration). Enter the calibrator settings corresponding to those
concentrations under "Reference Calibrator Flow Setting” (it may be necessary to alter this column to
provide for two flow settings for each concentration). Enter two adjusted analyzer readings (from the
calibration just completed) under “Reference Calibrator Analyzer Response.” From the documentation
of the In-Station Calibrator, determine the flow settings required to produce the same concentrations
and enter them under “In-Station Calibrator Flow Setting." Set the in-station calibrator to each o€
these settings, directing the gas into the analyzer, and enter the analyzer responses in volts and ppm
under "In-Station Catibrator Analyzer Response” {as aiways, when taking analyzer readings, wait until
you are sure the output has stopped changing). The A% is calculated, for each test concentration, as
follows: :

A% = 100 x (ppm response to In-Station) - {ppm response to ref.)
(ppm response to reference)

5.3 it this comparison shows the in-station calibrator to be off by more than 10% on either test point, it
must be recalibrated. See ENSR SOP 2600.

6.0 Calibration Curve

6.1 When a calibration check shows an instrument out of tolerance, plotting a graph of the results may be
the best way to begin diagnosing the problem.

6.2 Use the spreadsheet functions to graph calibration resutts.

U:AWP\2000\2450-017_Basin_NexGen'2901-001
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Figure 10.1
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IV TERNATIONAL

SOP NUMBER: 2901-100 -

Quality Control Documentation Date:  4th Qtr,, 1994
Review Procedure Revision Number: 1

Author: Scoft Whittemore

Discipline: Air Toxics Monitoring

1.0 PURPOSE AND APPLICABILITY

This procedure is intended to serve as a guideline for the Quality Control (QC) review of air

quality and meteorological instrumentation field calibration documentation. A working

knowledge of and access to, applicable SOPs is necessary for the proper execution of this

QC activity. '

2.0 RESPONSIBILITIES

2.1 Project Managers or their designees are responsible for the review of all field
calibration documentation generated in support of the proper operation of the
monitoring program. The reviewer must sign the data sheets, indicate approval or
rejection of the calibration and provide a brief explanation, as needed for, calibration
rejections.

2.2  This process must be conducted on a timely basis; maximum interval of one week
between receipt and review of data is suggested.

2.3 Project managers are responsible for the training of project personnel should QC
review of caiibration documentation indicate the need for additional training.

24  Quality Assurance (QA) personnel, by audit and periodic spot reviews, are
responsible for assuring that all supporting project documentation have been
properly QC reviewed. '

3.0 REQUIRED MATERIALS
. ENSR SOP 2400 - Traceability of Standards

. ENSR SOP 2600 - Field Calibration Control Plan

. ENSR SOP 2620-001 - High Volume Sampler Calibration

. ENSR SOP 2630 - Routine Data Collection and Evaluation

. Individual SOPs specific to the calibration being reviewed.

UAWP\200012450-01 7_Basin_NexGen\2801-100 QC Review.doc Page 1 0f 3 Revision 1




_[sop numBER: 2901-100

40 WMETHOD

41 All documentation must be properly identified. This includes:

Network and station name;

Make, model, and serial number of instrument calibrated;
Calibration date; and

Technician identification.

4.2 Alltest equipment, calibrators, and calibration standards must be properly identified
as to make, model, and serial number. Calibration date or concentration verification
date of gas cylinders must be included. Refer to ENSR SOP 2400, Traceability of
Standards for calibration periods. -

Note: Test equipment is allowed a two-week grace period for use beyond the calibration
due date. Data generated from test equipment beyond this grace period is considered
suspect until the subsequent calibration indicates proper operation of the test equipment
within accepted tolerances.

4.3 All calibrator or test equipment settings used in generating each test point must be
documented. Use the calibration equations and spot check several calculations.
Ensure that the calibrator was used within the cafibration range.

4.4 Verify that data acquisition system and, if applicable, strip chart recorder responses
are recorded on the calibration data sheet.

45 Review the recorded units. Verify whether particulate samplers were calibrated in
standard or actual units. Determine whether wind speed sensors were calibrated in
meters per second or miles per hour, etc.

4.6 If the analyzer or sensor was adjusted, the percent difference (A%) of final calibration
values must be within the tolerance limits specified by the applicable instrument-
specific SOP, or those of the QA Program Plan, if different. Exceptions to this rule
are:

e inthe case of a final calibration of an instrument just prior to removal from a site,
or

« when the analyzer or sensor fails during the calibration and must be replaced.

UAWP\2000\2450-017_Basin_NexGen\2801 -100 QC Review.doc Page 2 of 3 Revision: 1




SOP NUMBER: 2901-100

5.0 QUALITY CONTROL
5.1 Recalibration must be performed as soon as possible whenever a field calibration is
rejected.
5.2 Audits and periodic reviews of archived project files will be performed to verify
adherence to this procedure.
5.3 Instruction and/or training must be provided to all field personnel who appear to have
a conceptual misunderstanding of the calibration process based on submitted data.
6.0 DOCUMENTATION
6.1 Following review of the calibration data sheet, initial, date and indicate whether the
calibration is accepted or rejected on the bottom right hand corner of each sheet.
7.0 REFERENCES
Not applicable.
UWP\2000\2450-017 _Basin_NexGen\2801-100 GO Review.doc Page 3 of 3 Revision: 1
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TECH NUMBER: 2990-001
Technical Instruction: ‘ Date: 3rd Qtr. 2006
Calculation of Precision and Revision Number: 3
Accuracy Statistics Author: V. Scheetz

Discipline:  Air Measurements

1.0 APPLICABILITY/RESPONSIBILITY

This document deséribes the standard ENSR procedures for the quarterly calculation of precision and

accuracy statistics for continuous and daily (TSP) air measurement data.

The procedures described herein are applicable to most air measurements programs. Some

programs require the precision and accuracy statistics while others just require the precision

statistics. The requirements should be verified with the appropriate program manager.

It is the responsibility of the Field Technician to perform the bi-weekly precision checks, the Quality

Assurance Department to perform audits and of the data processing group (this may vary depending

on the project) to generate the precision and accuracy statistics.

2.0 GENERAL INFORMATION

21 See TECHIN 2600-001 for details on performing field precision checks and TECHIN 2900-
001 for details on performing field audits. ' '

2.2 In order to comply with the quality assurance requirements of 40 CFR, Part 58, Appendix B,
and certain state reguiatory agencies the precision and accuracy of continuous and daily air
quality measurements are reported quarterly.

Precision checks are performed once every two weeks for each continuous air quality
measurement parameter for the purpose of quantifying the degree of variability in the data. A
precision check is performed by generating an NBS-traceable test atmosphere containing
approximately 0.080 to 0.100 ppm (8 — 10 ppm for CO) of the pollutant being monitored. The
test atmosphere is delivered to the analyzer through as much of the ambient air sample
delivery system as possible. The accuracy of the analyzer's response to the precision test
atmosphere is quantified in percent as follows:
Analyzer Re sponse — Known Input
APercent= 22 /d P x 100
Known Input
Network accuracy for each quarter is computed for each pollutant by compiling the accuracy
statistics of ail equivalent analyzers of the pollutant. This yieids a series of 95% confidence
U:\WP\2000\2450-017_Basin_NexGen\2990-001 Precision and Accurac.:y.docPage 1of4 ' Revision 1




_ | TECH NUMBER: 2990-001

3.0

intervals. Each interval represents the accuracy of the network data for the poliutant within

the represented portion of the measurement range.

METHODS

3.1 Bi-weekly precision checks at the proper concentration should be listed on the Precision &
Level 1 Forms (see attachments 1 & 2). There should be a minimum of six precision checks
per quarter for each analyzer - two from each month in the quarter. Precision checks done

during periods of invalid data should not be used in the calculations.

If an analyzer is adjusted during the process of conducting a precision check, only the

results

of the precision check conducted before adjustment should be used in the calculations. This
includes zero adjustments. If there is evidence that precision checks are being conducted

after zero or span adjustments and the pre-adjustment precision checks are not being
performed, notify QA and the program manager.

Quarterly audit results should be found in the audit reports generated by the QA department.

3.2 Catculations should be performed using PC-based spreadsheet programs or equivalent time-

saving methods.
33 Precision - {continuous air measurements)

3.31 Single Instrument Precision - (continuous air measurements)

Calculate the percentage difference (d;) for each precision check as fdllows:

d,,=Y"'Xf x 100
X

]

Where:
Y, = analyzer's indicated concentration from the i-th precision check.
X; = known concentration of the test gas used for the i-th precision check.

The average (d)) and standard deviation (S;) are calculated from the following equations:

[y

d, == I d,

=

UWP\2000\2450-017_Basin_NexGen\2830-001 Precision and Accuracy.docPage 2 of 4
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TECH NUMBER: 2990-001

—
7} n 2
1 2 1 .
hY =] | X d, - T d
n-1|. n|.
i=1 i=1
Where:
n is the number of precision checks on the instrument made during the period.
d; = the. average percent difference for the quarter.
The 95 percent probability limits for single analyzer precision are calculated as follows:
Upper 95 percent Probability Limit = di+1.96S;
Lower 95 percent Probability Limit = d, - 1.96 §;
3.4 Accuracy - (continuous air measurements)
341 Single Analyzer Accuracy - (continuous air measurements)
Calculate the percentage difference (di) for each audit concentration using the
following equation:
Y-X,
d = ~ x 100
X,
3.5 Precision - (manual methods ~ TSP and PMio)
Estimates of the precision are calculated from the results obtained from colocation of two
samplers. At the end of each calendar Quarter, calculate a combined precision probability
interval for all colocated samplers for each poliutant.
3.5.1 Single Instrument Precision - (manual methods - TSP and PM,)
For each of the paired measurements, calculate the percentage difference (d)
using the equation below.
Yi -X i
= x 100
(X, +Y)/2
where:
Y, = the concentration of pollutant measured by the duplicate sampler
X; = concentration of pollutant measured by the sampler reporting air quality for the site
UWP\2000\2450-017_Basin_NexGen\2990-001 Precision and Accuracy.docPage 3 of 4 ' Revision: 1
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For each site, calculate the quarterly average percentage difference (d), and the standard deviation
(S)), using the equations below.

n
1=+ x4
n,
i=1
n n 2
1 2 1
Sj= — 2 d - x4,
n—1 n
i=1 i=1

where:
n = number of precision checks (collocated days) during the quarter.
3.6 Accuracy - (manual methods - TSP and PMig)

Estimates of the accuracy of TSP data are calculated from the results of quarterly audits in
which the High Volume Sampler (HI-VOL) flow rate measurement is audited with an orifice of
NBS-traceable calibration. Readings of pressure drop across the orifice, taken with a water
manometer, are converted to flow rates {in CFM) for com parison with concurrent flow
readings from the site measurement device and calibration curve.

3.6.1 Single Sampler.Accuracy (TSP and PMso)

For the flow rate audit, let

X; = known flow rate

Y; = indicated flow rate

Calculate the percentage difference (d;) for each audit using the following equation.

d= L=Xi v 100
X

i
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Key Features

+ Fthernet connectivity for efficient remote
access

» Enhanced user interface with one button
programming and large display screen

+ Flash memory for increased data storage
and user downloadable software

« Enhanced electronics design optimizes
product commonality

+ Improved |ayout for easier aceessibility to
companents

A change is in the air

The industry’s new best-of-breed. Our
customers told us exactly what they're
looking for in a gas monitoring solution:
reliability, simplicity, ease of use. The
new iSeries platform delivers on all
counts - and then goes a step farther.
The flagship product in Thermo's new
iSeries product line is the Model 42i NO-
NO,-NOy analyzer.

Using chemiluminescance technology,
the Model 427 measures the amount of
nitrogen oxides in the air from sub-ppb.
levels up to 100ppm.The Model 42i is a
single Chamber, single photomuitiplier
tube design that cycles between the NO
and NOy modes.

The 42i has independent outputs for NO,
NQ,, and Nox and each can be calibrated
separately. Dual range and Auto range
are standards features as well. If
required, the instrument can be operated

Analyze « Detect » Measure » Control™

s R
continuousty in either the NO or NO
modes allowing for response times of less
than 5 seconds.

Temperature and pressure correction
are standard features. User settable
alarm levels for concentration and for a
wide variety of internal diagnostics are
available from an easy to follow menu
structure. '

This state-of-the-art gas analyzer offers
features such as an ethernet port as well
as flash memory for increased data
storage.

Ethernet connectivity provides efficient
remote access, allowing the user to down-
load measurement information directly
from the instrument without having to be
on-site,

You can easily program soft-keys to
allow you ta jump directly to frequently
accessed functions, menus or screens The
larger interface screen can display up to
five linas of measurement information.

I Rermo
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Thermo

To maintain optimal product performance, you need immediate access to experts worldwide, as well as priority status when your -
air quality equipment needs repair o replacement. Thermo Electron offers comprehensive, flexible support solutions for all phases
of the product lifecycle. Through predictable, fixed-cost pricing, Thermo services help protect the return on investment and total
cost of ownership of your Thermo Electron air quality products.

Froducy Yreadioat

Preset Ranges
Custom Ranges
ZeroNoise
Lower Detectable Limit
Zero Drift (24 hour}

Response Time

Precision
Linearity
Operating Temperature
Power Requirements
Size and Weight
e e Weight.

Inputs

P g o 30 boqrg s oo
[ SR R E RN T S IR K T

~ 0.20 ppb RMS (60 second averaging fime}

Span Drift (24 hour)

/0.4 ppb (500 ppb range]
Sample Flow Rate

IS 860

TGS

0-0.05,0.1,0.2,05,1,2,5, 10, 20, 50 and 100 ppm
00, 02,05, 1,2, 5,18, 20, 50, 100 and 150 mo/i

© 0-0.05t0 100 ppm

0-0.1 to 150 mg/m®

0.40 ppb (60 second averaging time) "

H-1% full scale

40 seconds {10 second average time]

80 seconds {60 second average time)
300 seconds {300 second average time)

/min. S
WC-3C T
100 vac, 115 vac, 220-240 vac +/-10% @ 300W '

6.75"(W) x8.62°1H) x 23710), 85 [bs. 26 kg) o
Selectable Voltage, RSZ32/RS485, TCP/IP, 10 Status Relays, and Power Fail Indication (standard),”
020 o 4-20 mA Isolated Current Outout (optional)

16 Digital Inputs {standard), 8 0-10vdc Analog inputs {optional)

Model 42i NO-NO,-NOy Analyzer

Choose from the following configurations/options Ozone handfing:

1o customize your own Model 42

Voltage options:

A= 120 Vac 50/60 Hz {standard)
B = 220 Vac 50/60 Hz

J =108 Vac 50/60 Hz

Internal zero [ span:
N = No zero / span assembly {standard}
Z=Intemal zero span assembly

D = Drierite scrubber {standard)
P = Parmeation dryer

Optional /0:

A = None (standard)

C = |0 expansion board

{4-20mA outputs - 6 channals, 0-10v inputs - § channels)

Mounting Hardware:
A = Bench mounting {standard)

P = Intemai permeation span source with zero/span assembly B = Ears & handles, EIA

Converter options:
M = Molybdenum (standard)
$ = Stainless steel

Sample handling:
S = Standard plumbing {standard)
A= Amrnonia scrubber

C = Fars & handles, Retrofit

Your Ordsr Code; 42; -

Other options:

+ Teffon particulate filter
+ Ozone particulate filer
+ Rack mounts

+ Rear extender

This specification shest is for informational purpases only and is stibject to change without notice. Themno makes no warranties, expressed or implied, in this product summary.
© 2065 Thermo Electron Corporation. Al rights reserved. Themno Electron Corporation, Analyze. Detect. Measure.Control are trademarks of Themo Electron Corporation

ELECTRON CORPORATION

Environmental Instruments 27 Forge Parkway Franklin, MA {866) 282-0430 e e s
Air Quality Instruments 02038 {508} 520-0430

(508} 520-1460 fax



Key Faatures

« Ethernet connectivity for efficient remote
access

+ Enhanced user interface with one button
programming and large display screen

+ Hash memory for increased data storage
and user downloadable software

+ Enhanced electronics design optimizes
product commonality

+ Improved tayout for easier accessibility to
components

A change is in the air

The industry's new besi-of-breed. Our
customers told us exactly what they're
looking for in a gas monitering solution:
reliability, simplicity, ease of use. The
new fSeries-platform delivers on all
counts - and then goes a step farther.

A core product in Thermo's new iSeries
praduct line is the Madel 437 SO, analyzer.
Using pufsed fluorescence teehnology,

the Model 43/ measures the amount of
sulfur dioxide in the air up to 10ppm. The
pulsing of the UV, source famp serves to
increase the optical intensity whereby a
greater UV, energy throughput and lower
detectable SO, concentration are realized.
Reflective bandpass filters, as compared
to commonly used transmission filters, are
less subject to photochemical degradation

Analyze « Detect « Measure

and more selective in wavelength isola-
tion. This results in both increased detec-
tion specificity and long term stabitity.

This state-of-the-art gas analyzer offers
features such as an ethernet port as well
as flash memory for increased data stor-
age.

Ethernet connectivity provides efficient
remote access, allowing the user to down-
load measurement information directly
from the instrument without having to be
on-site.

You can essily program soft-keys to
allow you to jump directly to frequently
accessed functions, menus or screens The
larger interface screen can display up to
five lines of measurement information
while primary screen remains visible.

ELECTRON CORPORATION
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D g At o e Ly
Srodect Lpecahissuons

Preset Ranges
Extended Ranges
Custom Ranges

Zero Noise

Lower Detectable Limit
0.5 ppb {300 second averaging time}

'_ :Less than 1 ppb

v 80 seconds {10 second average time}

~ Zero Drift (24 hour)

Span Drit (24 hour)
Response Time

Sample Flow Rate

Interferences

(EPA Ievels)

Dperatl ng Temperature
Powg; Bequnrements
Size and Weight
Outputs

lnputs

Ordaring triormation

20°C-3C » |
100 vac, 115 vac, 220-240 vac +/-10% @165W~ ~ ~ © - T o
1875 X 8.62°(H) x 2370 48 bs. (51 Bkg) T s
Selectable Voltage, RSZ32/RS485, TCP/IP 10 Status Relays, and Power Fail indication (standard)

_ 0-20 or 4-20 mA Isolated Current Outout (optional)

0-0.05,01,0.2 051,25 and 10 ppm
0-0.2,0.5,1,2, 5,10, 20, and 256 mg/n?
0-0.05, 1,2, 5,10, 20,50 and 100 ppm
0-2, 5,10, 20, 50, 100, 200, and 250 mg/m?

- 0-0.05t0 10 ppm
' 0:-0.2 to 250 mg/’

1.0 ppb RMS {10 second averaging time), 0.5 ppb RMS (60 second averaging time),
0.25 ppb AMS (300 second averaging time}
2.0 ppb {10 second averaging time), 1.0 ppb (60 second averaging time),

110 seconds {60 second average time)

320 seconds (300 second average time)

% of readmg or 1 ppb (Whlchever is greater)
0. 5 liters/min. (standard)
1 liter/min. (optional}

scale < 1 O_Oppm

< lower detectabfe limit except for the following:
NO <3 pph, M- _Xy!ene <2 ppb HZO < 2% of readmg

16 Digital Inputs {standard}, 8 0-10vdc Analog Inputs (optional)

Model 43i S0, Analyzer Kicker type:
Choose from the following configurations/options § = Standard
to customize your own Model 43 H = Heatad
Voltage options: Optional I/0:

A =120 Vac 50/60 Hz
B = 220 Vac 50/60 Hz
J =100 Vac 50/60 Hz

Internal zero fspan;
N = No zero / span assembly
£ = Internal zero / span assembly

A = No optional 1/0 (standard)
C = 0-20, 4-20mA current output - B channels, 0-10v analog input - 8 channels

WMounting havdware:
A = Bench mounting {standard}
B = Ears & handlas, EIA

C = Ears & handles, retrofit

P = Internal pemeation span sousce with zero/span assembly

Your Order Code: 43; -

Other options;

+ Teflon particulate filter
« Rack mounts

+ Rear extender

This specification sheet is for informational purposes only and is subject to change without notice. Themo makes no wananties, expressed or implied, in this product summary.
© 2005 Thermo Electron Corperation. Al rights reserved. Thermo Electron Corporation, Analyze. Detect. Measure,Control are trademarks of Thermo Eleciron Corporation

Environmental Instruments
Air Quality Instruments

ELECTRON CORPORATION

27 Forge Parkway
Franklin, MA 62038 USA

+1 {866) 282-0430

+1{508) 520- 1460 fax

o Takkebijsters 1
Breda, BL 4817
The Netherlands

+33 (0} 76 5879888
+33 (0} 76 5816520 fax



Key Feawres

« Ethernet connectivity for efficient remote
access

« Enhanced user interface with one button
programming and large display screen

+ Flash memory for increased data storage
and user downloadable software

« Enhanced electronics design optimizes
product commonality

+ |mproved layout for easier accessibility to
compenents

A change isin tﬁe ﬁlr v
The industry'’s new best-of-breed. OQur

customers told us exactly what they're -

looking for in a gas monitoring solution:
reliability, simplicity, ease of use. The new
£Series platform delivers on all counts - and
then goes a step farther.

One of the criteria pollutant analyzers in
Thermo’s new iSeries product line is the
Model 49 0 analyzer.

Using UV Photometric technology, the
Model 48/ measures the amount of ozone
in the air from ppb levels up to 200ppm.The
Model 49 is a dual cell photometer, the
concept adopted by the NIST for the nation-
al ozone standard,

Dual range and auto range are standard
features in this instrument. Because the
instrument has both sample and reference
flowing at the same time a response time
of 20 seconds can be achieved.

Analyze « Detect » Measure « Control™

Temperature and pressure correction
are standard features. User settable alarm
levels for concentration and for a wide
variety of internal diagnostics are available
from an easy to follow menu structure.

This state-of-the-art gas analyzer offers
features such as an ethernet port as well
as flash memory for increased data
storage and field upgradability.

Ethernet connectivity provides efficient
remote access, allowing the user to down-
foad measurement information directly
from the instrument without having to be
on-site,

You can easily program soft-keys to allow
you to jump directly to frequently accessed
functions, menus or screens The larger
interface screen can display measurement
information and status, while viewing
menu and operational screens.

Thermo

ELECTRON CORPORATION
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Thermo

To maintain optimal product performance, you need immediate access to experts worldwide, as well as priority status when your
air quality equipment needs repair or replacement. Thermo Electron offers comprehensive, fiexible support solutions for all phases
of the product lifecycle. Through predictable, fixed-cost pricing, Thermo services heip protect the return on investment and total
cost of ownership of your Thermo Electron air quality products.

~

Product specbogtons

%

Preset Ranges
Custom Ranges

ZeroNoise
Lower Detectable Limit
Zero Drift (24 hour)

Span Drift

Response T'me
Precision

Lmeérity o
Sample Flow Rate

Operating Tomperature ~  20°C

Power Requlrements
Size and Weight

Outputs

inputs

" 0.50 ppb

<1.0 ppb ‘

<1% full scale per month

0 10 econd g )

0-0.05,0.1,0.2,05,1,2 5,10, 20, 50,100 and 200 ppm
0-0.1,0.2, 1,2, 5,10, 20, 50, 100, 200 and 400 mg/m*
0-0. 05 to 200 ppm

0-0.1 to 400 mg/m’

0 25 ppb RMS (60 second averagmg t|me)

1.0 ppb

4% full'scale

1-3liters/min,

¢, 220-240 vac +/-10% @ 150W

18.75"W) x 8.62(H) x 23"(D); 55 Ibs.

425 mm (W) x 219 mm {H) x 584 mm (D), 25 kg

' Selectable Voltage, RS232/RS485, TCP/IP 10 Status Relays, and Power Fail Indication

{standard). 0-20 or 4-20 mA Isolated Current Outout {optional)

16 Digital Inputs (standard), § 0-10vdc Analog Inputs {optional) ~

Model 45 b; Analyzer
Choose from the following configurations/foptions
to customize your own Model 49¢

Voltage options:

A =115 Vac 50/60 Hz Istandard)
B = 220/240 Vac S0/60 Hz

J = 100 Vac 50/60 Hz

Internal zero / span:

1 = No sample/cal valve {standard)

2 = Internal samplefcal valve assembly

3 = Internal Ozonator setup {including sample/cal valve)

Zero Air Source
N = No Zero Air Source {standard)
Z = Zeto Air Sotrce (External Pump)

Optional V0:

A = None {standayd}

C =1/0 expansion board

{4-20mA outputs - 6 channels, 0-10v inputs - 8 channals)

Mounting Hardware:
A = Bench mounting (standard)
B = Ears & handles, EIA

C = Ears & handles, Retrofit

Your Order Coda:; 49; -

Other options:

« Teflon particulate filer

+ Rack mounts

« Rear extender

+ Teminal Block Kit & Cable 37 pin
+ Tamminal Block Kit & Cable 25 pin

¢+ Cabls, DB37M 10 open end, 6' LG.
+ (Cable, DB37F to open end, 6' LG.
+ Cable, DBZ5M to open end, 6° LG.

+ Cablg, R$232 Null Madem

tus specification sheet is for infomational purposes only and is subject 10 change withaut netice. Themmo makes no warranties, expressed or implied, in this product summary.
© 2006 Tharno Electron Corporation. Alf rights reserved. Thema Electron Corporation, Analyze. Detect. Measure.Controi are tradamarks of Thermo Electron Corporation

Environmental Instruments
Air Quality Instruments

ELECTRON CORPORATION

27 Forge Parkway
Franklin, MA 02038 USA

+1 (866} 282-0430
+1{508} 520-1460 fax

Takkebijsters 1
Breda, 4817 BL
The Netherlands

+31{0} 76 5879888
+3110) 76 5816520 fax
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MODEL 111

Zero Air Supply

C -79118 Thermo Environmental Model

111 Zero Air Supply is a conve-
nient system for the generation of pol-
lutant free “zero” gas for NO-NO,-O5-
S$0,-CO and hydrocarbon require-
ments. The Model 111 uses an external
compressor; the pressure regulators,
chemical scrubbers, reactor and tem-
perature controller are all contained in
a single convenient case.

The Model 111 has been designed for
any application where pollutant free
levels of NO-NO,-04-S0,-CO and
hydrocarbons are required, with flows
up to *20 liters per minute at pressures
of 30 psi.

OPTIONS

« 001 Co-Reactor

« 002 Rack Mount Slides

« 005 20 LPM Compressor

Compressor Unit/Dimensions

(Separate)

*Flow Rate

! wlbl.

122°Hx 19"W x 166D

Rack Mouming Standard

oamme T

17"H x 12"W X 20"D

e

0-10 LPM STD
0-20 LPM Optional




MODEL 111 DIMENSIONAL OUTLINE DRAWING
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Introducing
the Wedding & Associates
Critical Flow High-Volume Sampler

Wedding 10 Micron Inlet
U.S. Patent No. 4,461,183

» Meets all FRM Tests, 40 CFR Part 53

« Wind Tunnel and Field Tested for over Five(5)Years
« Perfect Absorber, No Bounce Surface for Collected
Particles '

Entire Upper Unit With
New Adapter Plates
Retrofits To Standard
High-Volume Bases

mmosee o Eirgt New Base in 35
Years! .
« Rugged, One-Piece, Air-
Tight Construction

-ommoa oevce State-Of-The-Art
Volumetric Flow
Controlier*

BLOWER INLET

e First New Technology in

bt L wowen 10 Years!

‘ ¢ Critical Flow Device

anrice Needs No Calibration; No
Electronics;
No Moving Parts;
Absolute Accuracy to
Within = 1.5%

*Patent Applied For

e No Aerosolized Dust to Contaminate Your Fiiters
as the Motor/Blower Discharges Through Six Side
Exhaust Ports

For Information Concerning Availability and Pricing, Contact:

Wedding & Associates, Inc.

P.O. Box 1756 ¢ Fort Collins, CO 80522 e (303) 221-0678




Performance of Wedding Inlet

i

Meets FRM RequirementJ
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Fig. 2 Comparison of Collected to Calculated
Mass Concentration (Wedding et al., 1985) '

Performance
Parameter Specification
1. Sampling
Effectiveness
A. Liguid Such that the expected mass concentra-
Particles tion is within + 10% of that predicted by
the ideal sampler.
B. Solid , Sampling effectiveness is no more than
Particles §% above that obtained for liquid par-
ticles of same size.
2. 50% Cutpoint 10+ 1 um aerodynamic diameter

ADDITIONAL FRM TESTS NEEDED

A performance test not required in the as proposed FRM (49
Fed. Req., 10458, Proposed 40 CFR Part 53, Subpart D)is a
rigorous *Ield test in which the validity of the wind tunnel
determined effactiveness curves are substantiated.

49 Fed. Reg., 10459, Proposed 40 CFR Part 53, Subpart D - Procedure for Testing Performance Characteristics of
Methods for PM,.-contains provisions describing the required performance specifications for PM,, samplers as:

The Wedding Inlet expected mass concentration is
within +3.1% (Wedding and Weigand, 1984, 1985), +
2.8% (Ranade and Kashdan, 1984) of that predicted by
the Ideal sampler,

Referring to the performance curve (see Fig. 1) the
Waedding Inlet has a sampling effectiveness <2.5%
{Wedding and Welgand, 1984, 1985), <2.0% (Ranade
and Kashdan, 1984) above that obtained for liquid par-
ticles of the same size,

Referring to the performance curve (ses Fig. 1), the

Wedding Inlet has a 50% cutpoint of 9.6 <sDsy <9.9

:;nkﬂﬂ:qding and Welgand, 1984, 1985) for 2, 8, 24 and
mh-1. ‘

A fiald test (Wadding et al., 1985) has been performed
on the Wedding Inlat during the summer of 1984.
Resuits given in Fig, 2 show that the mass collected by
the Wedding inlet is equal to the predicted mass within
* 5% using the Wedding and Carney {1983) algorithm.

Referencas:

1. Wedding, J.B. and Weigand, M.A. (1984). “Sampling Effec- 3.

tiveness and 50% Cutpoint of Wedding 10 Micron Inlets: High
Volume (40 CFM) and Dichotomous Sampler inlets.” Descrip-

tion of requirements and tests as set forth in Proposed 40 4,

CFR, Part 50, Appendix J; 48 Fed. Rag. 10430 and Proposed 40
CFR, Part 53, Subpart D; 49 Fed. l‘-ieg. 10459, Test resuits sub-

mitted to: Directos, Environmental Monitoring Systems 5.

Laboratory, Department E, United States Environmentai Pro-
tection Agency, Research Triangie Park, North Carolina 27711.
2. Wedding, J.B. and Weligand, M.A. (1885). “The Waedding
Ambient Aerosol Sampling Inlet (Dgy = 10 um) for the High-
Voiluma Sampler,” Atmospheric Environment, 79, 535-538.

. .
Ranade, M.B. and Kashdan, E.R. (1984), “An Evaluation !
GMW ¥Vedding PM-10 Size Selective Inlet,” EPA Wind Tunn
Report No. 4.

Wedding, J.B., Weigand, M.A., Kim, Y.J., and Ledge, Jr., J
(1985), “A Mass Distribution Monitor (MDM) for Atmosphe‘l
Particulate Maiter,” Aerosoi Science & Technology (in revie
Waedding, J.B. and Carney, T.C. (1983), “A Quantitative Tech-
nique for Determination of the Impact of Non-ideal Ambie
Sampier Inlets on Collgcted Mags,” Atmospheric Environmeri
17, B73-882.

Wedding & Associates personnel have been leaders in the field of development, testing and modelling of ambient sampling l!
lets since 1975, having published 14 peer reviewed papers during that time principaily in Environmental Science an



The Only Volumetric Flow Controller Presently Available:

Wedding & Associates Critical Flow Device’

FRM Flow Control Requirements

49 Fed. Reg. 10432, proposed 40 CFR Part 50, Appendix J, presently requires that “. .. the sampler must be set to operate at
and maintain the spacified votumetric fiow rate, measured under the actual ambient conditions of use. ..". This requirement
for a volumetric flow controller at ambient conditions is not currently met by samplers employing setpoint mass flow
transducers with errors in volumetric flow rate reaching 25-30% during routine operation as described by Wedding (1985).
Wedding & Associates have thus developed a Critical Flow Device® to permit accurate and precise control of flow rate which
will permit the collection of concentration data of high integrity. Size specific inlets such as PM,, systems amploying frac-
tionating devices whose performance depends on air velocity may experience substantial vartations in sampler cutpoint
values if operated using mass flow controllers. Additionally, the crucial vaiue for total volume of air sampled used in the
denominator when calculating ambient concentration leveis will bear little rasemblance to the actual volume sampled if the
ambient sampler does not utilize a volumetric flow controller. .

Calibration/Flow Audit Procedures

Historically, the calibration and subsequent periodic audits of the volumetric flow rate of amblent aerosol samplers have
been time-consuming and consequently an expensive but necessary task required of fieid practitioners. The normal approach
has been to utilize a flow transfer standard to provide an on-site flow rate calibration of tha sampler. This has necessitated the
dismantling of the flow control system, the removal of the inlet, a calculation procedure to correct for the temperature and
pressure conditions of the day, and then a final adjustment of the flow control system for setpoint operation. Additionally, a
pressure recorder has been used to provide an indication that during the sampling cycle the volumetric flow rate has not
varied appreciably.

CRITICAL FLOW DEVICE vorigtion in Moch Numbar for the
Wedding A Assaciates

Criticat Flow Device®
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The Wedding & Assoclates Critical Flow Device* offers a revolutionary and unique flow control system in which the above
described calibration and audit requirements can be reduced to an operation requiring minutes to perform. Using an NBS
traceable pressure transfer standard a relationship Is determined between the sampler calibration volumetric flow rate and
the ratio of the sampier stagnation pressure (P,) downstream of the fliter to the ambient pressure (P,}. This relationship is then
incorporated into a simple look-up table for use in the field. To callbrate the sampler In the fleld, provisions have been made for
an in-situ measurement of the values, P, and P,. Utilizing the pressure transfer standard which is Incorporated into a portable
calibrator, a reading of P, and P, are realized in the field while the sampler is operating, which requires less than 1 minute to
perform. By additionally reading the included precision thermometer and proceeding to the look-up table, one will know exact- -
ly the volumetric flow rate of the system.

Principle of Operation

The Wedding & Associates Criticai Flow Device* implicitly utilizes the effect known as “choking.” Definition of the critical
state requires that the reference velocity is such that the Mach number is unity. The maximum in the curve of flow rate per unit
area Is uniquety related to the choking effect. For a given flow area, there is in subsonic flow a maximum initial Mach number
which can be maintained steadily and the flow s then said to be “choked.” When this condition occurs, a stable shock wave is
created and maintained within the throat portion of the critical device. By maintaining a sufficlent vacuum potential
downstream of the throat, the presence of the shock wave limits the fiow of air through the device to an absolute maximum.
The flow rate is a unique and predictable function of the stagnation pressure and temperature, and said flow rate is unaffected
by changes in the exit condition such as motor/blower speed or exit pressure, The unique energy recovery system of the
Critical Flow Device® enabies the usage of an inexpensive motor/blower. Thus, to operate the system you simply plug in the
motor/blower assembly to line voltage and the flow remains constant in the choked condition with no adjustment required; no
detailed calibration required, rather a one point check; no slsctronics to fail, and no moving parts. During a typicat 24-hour
sampling cycle, the volumetric {low rate will be known and accurate to within +1.5%.

Reference: Wedding, J.B., (1985) “Errors in Sampling Ambient Concentrations with Instrumants Empioying Setpoint Temperature Compen-
sated Mass Flow Transducers,” Atmospheric Environment, 19, 1219-1222,

*Pataent Applied For




Wedding & Associates, Inc., is a

High-Tech., Research & Development Firm |

Wedding & Asscciates, Inc. is a High Technology, Research and Development Organization having expertise in the fieids of aeros
science, fluid mechanics, ambient particle sampling, visible and infrared optics, ramote sensing of airborne particles using optical method
and the use of state-of-the-art microcomputers for data acquisition and reduction.

Dr. Wedding, as Professor of Civil Egineering at Colorado State University or President of Wedding & Associates, has been the Principal In-
vastigator of numerous projects during the last 10 years with totai budgets exceeding $3.0 million. Dr. Wedding and his staif, to inciude Mr.

Weigand and Dr. Kim, have completed tha following projects of special interest:
* The design, fabrication and characterization of Ambient Aerosol Samplers (see references listed balow).

*Wedding 10 Micron Inlet us. Patent No. 4,461,183

* The deveiopment of mathematical modeis to describae the behavior of large particles in the atmospheric boundary layer.

* The dasign, fabrication and testing of an Infrared Transmissometer.

* The design, fabrication and testing of computer controlied Particla Samplers.

* The design, fabrication and reduction to practice of a Critical Flow Device (Patent Applied For).

* The design, fabrication and characterization of a remote sensing Laser Particle Spectral Analyzer.

* The design of a multi-wavelength, multi-channel nephelometer to operate at both visible and infrared wavelengths.

* The design, fabrication and testing of a Mass Distribution Monitor for the accurate determination of Ambient Mass Concentration

* Development of an Automated Dry Deposition Monitor for Nitric Acid Concentrations.

Complete biographical histories of Wedding & Associates personnel are availabie upon request.

The Wedding & Associates Test Facility
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* 10 years experience in
Wind Tunnel Testing of
Ambient Aerosol
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TESTING FACILITY FOR AMBIENT AEROSOL SAMPLERS

LOW SPEED TEST WLTION {305 m sq.)

* Laser Spectrometry

Wedding, J.B., McFariand, A.R., and Cermak, J.E,, **Large Particle Collection
Characteristics of Ambient Aerosol Samplers™, Environmental Science
& Tachnology, Vol. 11, No. 4, pp. 387-390, April, 1977.

Wedding, J.8., Carney, T.C., and Stevens, R.K,, “Ambient Aerosol Sampling:
Past Problems, Current Goals and Recently Complated Wind Tunnel
Tests of Hi-Volume Sampling”, International - fournal of the Environ-
mant, Vol. 3, No. 3, June, 1980.

Wedding, J.B., John, W., and Weigand, M., "“Effectiveness of Siarra 244E
Amblent Aerosol Sampier Inlet”, Environmental Science & Technology,
Vol. 14, No. 11, November, 19580.

Wedding, J.B., "Ambient Aeroso! Sampling: History, Present Thinking and a
Proposed Inlet for Inhalabie Particles”, Environmental Science &
Technology, Vol. 16, No. 3, 1982.

Waedding, J.8., and Carney, T.C., “A Quantitative Technique for Determina-
tion of the Impact of Non-ldeal Ambient Samplar Inlets on Coilected
Mass”, Atmospheric Environment, Vol. 17, issus 4, pp. 873-882, April,
1883.

Wedding, J.B., Weigand, M.A., and Carney, T.C., “A 10 Micron Cutpoint tnlat
for the Dichotomous Sampier”, Environmental Science & Technology,
Vol. 18, No, 9, pp. 602-808, September, 1982,

Wedding, J.B., Carney, T.C., Weigand, M.A., and Baurngardner, R.E., "The
Wedding Ambient Aerosol Sampling inlet foran intermediate Flow Rate
{4 cfm) Samolar”. Environmental Science & Technoiogy, Vol. 17, Issue 7,
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WIND TUNNEL TESY FACILITY

Wedding, J.B., Weigand, M.A., Lodge, James P., “A Thoracic Particle In!
(Dyy =8 microns, D, =10 microns) For the High-Volume Sampler"”,
mospheric Environment, 17, 8, p. 1203-1204, June, 1983,

Wedding, J.B. and Weigand, M.A. (1985). “The Wedding Ambient Asrosol
Sampling Iniet (D,,=10 microns) for the High-Volume Sampler”,
mospheric Environment, 19, 3, 535-538.

Wedding, J.B., Weigand, M.A. and Kim, Y.J., (1985). “Evalyation of t
Sierra-Andersen 10 micron Iniet for the High-Volume Sampler”, Atmos-
pheric Environment, 19, 3, 539-542.

Wedding, J.8., (1985), “Errors in Sampling Ambiant Concentrations with la
struments Employing Setpoint Temperature Compensated Mass Flo
Tranaducers”, Atmospheric Environment, 19, 1219-1222.

Wedding, J.B,, Lodge, Jr., J.P., and Kim, Y.J., (1985) “Commant cn ‘A Fiel
Comparison of PM Iniets at Four Locations’ “, J. APCA, Vol. 35, No. 6.

Wedding, J.B., Kim, Y.J. and Lodge, Jr., J.P,, “Analysis of the EPA Fiel
Data: Rubidoux and Phoenix 11, J. APCA, 1985 {in review).

Wedqing_. 4.B,, Weigand, MA., Kim, Y.J. and Lodge, Jr., J.P., “A Mass Di
Distribution Monitor (MDM) for Atmospheric Particulate Matter”,
Aerosol Science and Technology (in raviaw), (1985).




CLIMATAINGS |

LORPORRTION

-

F460 Wind Sensors

FEATURES: '
» Low Threshold '

« High Survivability

- Excellent Dynamic Response

» CMOS Design

- Optional Internal/External Heaters

Climatronics’ F460 Wind Sensors are capable
of operation in virtually all weather conditions.
Designed to meet the requirements of
Specification No. F460-SP001 for the National
Weather Setvice, the durability of these sensors
make them ideal for multilevel tower
installations. Although moderately priced, the
F460 wind sensors offer the combination of low
starting threshold, quick response, and high
accuracy with exceltent reliability over a wide
range of operating conditions.

The F460 Wind Speed Sensor, P/N 100075,
monitors the wind speed with a three-cup
anemometer assembly. A 30-hole chopper with
an LED photochopper device provides a
frequency output directly proportional to the
wind speed. Traceability to NIST(formerly NBS)
is available as an option for each anemometer
cup assembly by comparison testing against an
NIST transfer standard in our wind tunnel test
facility.

The F460 Wind Direction Sensor, P/N 100076,
consists of a counter-balanced, lightweight
vane and a precision, low-torque, highly-reiiable
potentiometer to yield a voitage output
proportional to the wind direction. Once properiy
oriented on the keyed cross-arm mount at a
particular installation, the wind direction sensor
may be removed or replaced without requiring
reorientation.

installation of the sensors is a simple matter of
either fastening each sensor to separate pipes
of 1"4 inch IPS or attaching both sensors to
Climatronics’ prewired crossarm, P/N 100487,
which in tum mounts on a 1"« inch IPS pipe.
internal sensor electronics are accessed by
sliding off the outer aluminum sleeve. Optional
internal and external heaters for both sensors
are available. The Internal Heaters, P/N 101263,
consume approximately four watts of power
and operate on a continuous basis, while the
External Heaters, P/N 101235, consume
approximately 20 watts of power and are
thermostatically controlied.




Signal conditioners for the F460 sensors are available in
modular form with a variety of full scale ranges,
engineering units, outputs, and several other options.
Please consult the Modular Meteorological System
(MMS) and the Remote Meteorological Systern (RMS)
data sheets for more details.

The sensors may be directly interfaced either to
Climatronics' IMP-800 series of digital data acquisition

units or aimost any of the currently available data
loggers/data aequisition units,

The Component Anemometer, P/N 101284, can be used
in conjunction with the F460 System to measure the
vertical component of the wind. Consuit the Orthogonal |
(UVW) Wind Sensor data sheet for additional details.

SPECIFICATIONS:
F460 Wind Speed F460 Wind Direction
(P/N 100075) {P/N 100076)
Signal Output 2.0 Vpp into 2K ohms, Variable DC voltage magnitude
frequency proportional to wind speed proportianal to wind direction
Accuracy 0.15 mph (£ 0.07? m/s) or £ 1.0% t2°
of true air speed (whichever is greater)
Threshold 0.5 mph (0.22 m/s) 0.5 mph (0.22 m/s)
Distance Constant Vinyl: 5 f. (1.5 m) of air max, 2.95 ft. (.9 m) of air max.
Stainless Steel: 8.0 ft. (2.4 m) of air max.
Damping Ratio ---- 0.4 at 10° initial angle of attack
Operating Range 0-125 mph (0-56 m/s) 0 to 360°
ELECTRICAL:
Power Requirements* +12 VDC at 1 mA nominal Max. 1 mA through 10K ohms
PHYSICAL: )
Size - 2.25" (5.7 cm) max. diameter 2.25" (5.7 cm) max. diamater
11.5" (29.2 cm) high 11.5" (29.2 cm) high
Weight Less than 2 Ibs. (0.9 Kg) Less than 2 Ibs. (0.9 Kg)
Turning Radius 3.75" (9.5cm) 16.5" (41.9cm)
Operating Temperture -40 to 140° F (-40 to 60° C) -40 to 140° F (-40 t0 60° C)
Use with Signal - P/N 100163 (MMS) P/N 100163 (MMS)
Condiiicner P/N 100778 (RMS) P/N 100779 (RMS)
CROSSARM:
P/N 100487
Length 45" (114.3 cm) me--
Weight 7 Ibs. (3.2 Kg) ———-
Mounting 1.66" (4.2 cm) O.D. pipe (11" IPS)

HEATER:
P/N 101263 internal
P/N 101235 External

/
“Proper power provided by signal conditioner.

e 16— d
- f

42 ¢rm)

12 VDC, 2 watls per sensor
115 VAC/60 Hz, 20 watts per sensor

21-13'6"  35.m) ?

4350 w!
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140 Wilbur Place, Airport Intemational Plaza
Bohemia, NY 11716 USA (516) 567-7300
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Temperature
Sensors

Maintenance Free
Versatile

Highly Accurate
Durable

l‘ Capable of meeting virtually any ambient
a measurement need, Climatronics’ temperature
sensors are accurate, durable, linear over a
wide range, can be provided with NBS trace-
able calibration, and are well-matched for high
accuracy delta temperature applications.

The Air, Water/Soil, and Expanded Range

Sensors encase a thermistor bead in a stain-

less steel or vinyl sheath. This casing, combined

with Climatronics' temperature shield, gives the

thermistor bead protection from solar radiation,

precipitation, and corrosive, airborne particles.

m Such configurations transter heat as rapidly as
possible, yielding a typical time constant of

3.6 8. When direct exposure of the thermistor

1o the media being measured is permissible,

I ¢ our Fast Response Sensor reduces the time

4 constant to a minimai 0.6 s.

1 A second type of sensor, Platinum 4-Wire,

operates on the principle that electrical re-

% sistance of a pure metal increases with temper-
ature. Platinum’s superior linearity, stability,
sensitivity and resistance to corrosion, makeit
an ideal practical choice. The unit's four-wire
design automatically compensates for possible
lead resistance errars, and it comes standardly
supplied with certified NBS traceability.

l Sensors instalt easily in Climatronics’temper-
ature shields. The TS-10Moator Aspirated Shield,
P/N 100325, regulates air flow past the sensor
' (as discussed inthe TS-10 data sheet) whilethe
Naturally Aspirated Shield, P/N 1 00552, relies
on ambient air flow or convection for sensor
l aspiration.

Please consult the Modular Meteoralogicat
System (MMS) or Remote Meteorological o
System (RMS) signat conditioner data sheets e
for the proper temperature sensor interface I
to use with the sensor of your selection.
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Specifications l
Air, Water /Soil
P/N's 100093, Expanded Range  Fast Aesponsa Platinum 4-Wire
100093-1 P/N 100093-2 P/N 100093-3 PN 100826 l
Accuracy #0.15°C (£0.27°F)  +0.10°C 0.15*C 0.1°C (£0.18° F)
“over tull range (+0.18°F) (£0.27°F) aver full range
over full range over full range
Range . -30.0° to 50.0°C -50.0° t0 50.0°C  -30.0° 10 50.0°C  -50.0° to 50, o°C
(-22.0° 10 122.0°F)  (-580°101220°F) (-220" 10 1220" F)  (-58.0° 10 122.0°F)
TimeConstant ~ 363 36s 06s 55s
interchangesbillty :0.15°C #$10°C +0.15°C 2025°C
{+0.27°F) (+0.18°F) (£0.27°F) can be compensated
Linearity +0.18°C +0.08°C #16°C £0.05°C
(+0.29°F) (+0.25°F) (£0.29°F) includedinaccuracy
Leade 3 4 3 4
Size 0B4cmdiax114 064cmdax 064 cmdia x48 064 cm dia x 152
cmlong (4" x4%"y {114 em long cmlongw/shield; cm long (%" x 6")
(%" x 4%} otherwise 1.3 om
long (%" x 1%*
w/shiald; other-
wise '5*)
TEMPERATURE SENSOR
0.40 cm (5/32") URE ORS
I P/N's 100093, -2
| & t
11.4 cm (4%") P 22 CM

: 0.79 cm (5/16")
*‘ Molded Assembly

(7/8")

WATER/SOIL
TEMPERATURE SENSOR
P/N 100093-1

k. 2

T

e 0.64 M (1/47)

0.64 cm (1/4")

©3

13 cm

172 e 4.8 €T (1-7/8"

¢

P/N 100093-3

PLATINUM
4-WIRE SENSOR
P/N 100826

152 CM (6") el 30.5 ¢ (12%)

L— Gadcmit/g4n

FAST RESPONSE SENSOR '
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f TS-10
MATICICS ASPIRATED
e TEMPERATURE
SHIELD

R

The Model TS-10 is a motor aspirated temperature shield which is
designed to continuously sample the ambient air without effects from solar
radiation. The shield can be supplied with a precision linear thermistor
sensor and translation circuitry to convert the output to a DC voltage
suitable for recording. Standard accuracy is :1°F from —30° to +120°F.
Overall length is 42 inches.

Sensor: Thermocouple, Resistance Bulb. Thermistor or TD-10
digital sensor.

Error: 0.2° or less under radiation of 1.6 gm-cal/cm? /min.

Temp. Range: —-65° to 150°F.

Power: 115v 50-60 Hz. AC Single Phase :

Model TS-10W:  Same as Model TS-10 with the addition of an aspirated
shield to mount a standard Weather Bureau Dew cell.

Model TS-1OR:  Same as Model TS-10 for Relative Humidity Sensor.

Model TS-10WA: Same as Model TS-10 with the addition of an aspirated
shield to mount the Mode!l DP-10 dew ceil.
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EPPLEY BLACK AND WHITE PYRANOMETERI

FEATURES: : l

+ Differential Thermopile : - '

+ Precision Ground Optical Glass
Hemisphere

»  Built-in Temperature Compensation

Climatronics' Eppley Black and White
Pyranometer is a development of the well-
known Eppley 10 and 50 junction 18Q°
pyrheliometer originally introducedby
Kimball and Hobbs in 1923. The detector is
a differential thermopile with the hat-junction
receivers blackened and the cold-jinction
receivers whitened. :

The element is of radial wirewoundplated
construction with the black segmenis
coated with 3M black and the whitewith
Barium Sulfate. Built-in temperaturs
compensation with thermistor circuiry is

-7+, incorporated to free the instrumentirom the

k . effects of ambient temperature. A pecision

- ground optical glass hemisphere of Schott

glass WG295 uniformly transmits energy
from 285 to 2.800 millimicrons. This
hemispherical envelope seals the
instrument from the weather but is reradily
removable for instrument repair. The cast
aluminum case carries a circular spirit level
and adjustable leveling screws. Also
supplied is a desiccator which canbe
inspected readily.

The detector can be used on atilt or at any
orientation with no effect on sensitiity. A
calibration certificate traceable to the Woarld
Radiation Reference is included wify
conversion tactors for different energy units,




SPECIFICATIONS:
SENSITIVITY: 11 microvolts/watt meter2 approx.

IMPEDANCE: 350 ohms approx.

TEMPERATURE DEPENDENCE: +- 1.5 percent
constancy from -4° to +104°F (-20 to +40°C)

LINEARITY: +/-1 percent from O to 1400 watts meter2
RESPONSE TIME: 5 seconds (1/a signal)

COSINE RESPONSE: +/-2 percent from normalization
0-70° zenith angle +-5 percent 70-80° zenith angle

-

=L

Bohemia, NY 11716 USA-(516) 567-7300

L 140 Wilbur Piace, Airport International Plaza
. Telex: 510-100-7669 Fax: (516) 567-7585 0591

ORIENTATION: no effect on instrument performance

MECHANICAL VIBRATION: capable of withstanding
upto204g's

CALIBRATION: integrating hemisphere (approx. 1 cal
cm2 min~1, ambient temperature +77°F (+25° C)

SIZE: 5 /4 in. diameter, 2 3/4 in. high (14.6 cm
diameter, 7 cm high)

WEIGHT: 2 pounds (.91 Kg)

®

RECYCLE

C
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TECHNICAL DATA ON
| ULTRA-PURE QM-A
| QUARTZ FILTERS

Cr LA '

QM-A. THE NEW ULTRA-PURE

QLIARTZ FILTER FROM WHATMAN

POR AIN SAMPLING.

Whatman now introduce QM-A, anuitra-pure quarig
(Si01) microfibra filtar for the most exacting work in
alr poilution monitoring. QM-A is h eat-trested and
antirely binder tree and anly a small smount (5%) of
conventional borosilicate glass microtibres ars
added for pspermaking purposes.

ULTRA-PURE - HIGH FLOW RATES
Ultrg-pure OM-A in axtremaly low in hesvy metsl
content, whilst offering the high flow rates and

fi efficiencies of conventional boroxilicate
?hﬂ mierofibre fiters, Trace level determinations
n pardcuistes can now be carried out with tha
utmost accurscy.

LOWIN ALKALING EARTH METALS
Whatman QM-A containg virtually no sikaling earth
matals and is therefore recommended for sampling
and subsequant analysis of environmaents whare
} acidic gases such as SOz and NOs s encousnterad,
I ‘Astifact’ production of aulphates and nitrstas on
t:.d ﬁ't:fé. llc. thus, virtuslly O"l;i:lll‘md wlt‘hﬁ::;A
&nd eritical snalyses can now be conduct
' from insocuracies caused by grtifact production

QM-A QUARTZ TECHMICAL DATA ‘With glass microfitwre fiiters.
APPLICATIONS ‘

Besis Weight Whatman QM-A is suitable for ambient and high

Thiskness tempenature {max 500" €) air sampling of

environments such as stacks. flus outiets and
Purticle retention sfficisney ... 0.300% m-ntim!

(0.8 xm paniicias at Serv/ewc F.V.) or 0.001 % ponetration| :mﬁp:mmmumrﬂiw levels
Dry Tensile (1.8 em wide swig ... 2803004 Whatman QM-A is the filter of cholcs for critical

Maximum Temperaturs 500°C analyses snd trace lavel determinations, and it is
Als Hlow rate BOO iitras/min aspaciglly suitable for snalytical tachniques such as
(for 400 cm* fitersrva st A p = 20 mm Hg) atomic ion spectroscopy snd flame emitsion

N-B- 400 om In sfoctive filraton sroa s 5™ x 10" snage|  SL¥CtOPhOIOmanty., ;
_ ‘ background levais of haavy metals in
QM-A giso make it suitable for X-ray fluorescance

CHEMICAL PURITY techniques and neutron activation anatysas
MINIMALWEIGHT LOSS
:'h"n"'““‘ ,".7'; QM-A s hest trested after menufscture to remove
" bound moisture and trace organicimpurities snd to

ansure minimal weight Inri.on fur_tn?‘nr hm.lta.l Forl
‘accurate gravimetric resuits, a3 w medium, it
is s8sentisl, both before and after sa:::l'm, to
condition tha filter carstully befare waighing.

AVAILABILITY
_Stenderd Skzss | cat.no.
Cuciss: 3.2cmdis 1851032

2.7 1851 0%

4.7 . 1881047

. Sllom :'054::2544cmtlnow :::::::
mmmsuﬁu 0 nomel manufacturing tolerancae. |

PUBLICATION NO 880 GMA A
APR-24-97 THU 14:30 12017738558 P02

-
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COMPARISON OF [

QM-A QUARTZ FILTER FLOW RATE
PHYSICAL CHARACTERISTICS -
AND CHEMICAL PURITY OF
WHATMAN QM-A QUARTZ
MICROFIBRE FILTERS,
EPM1000, GF/A AND
GRADE 41

{1) PHYSICAL CHARACTERISTICS:

Compasitian

KT Tsasetis

? B % ® @ & e = =
g YRONYY el

Sanis v,
Thictrwes bremd
Doy Tarwie® ig} | 290300
Sevlasn Rerre

Faiiraion® |1
o) )
&M Hel
Tempersture
Assiswnas
P, T

; APal ™ m
raajnar=20§ 108 ™ =0 0

NOTES
* ARvehans s “typical” and subisct 4o ol menuissnring mivensss.
* Tunsle 1.9 om wide swip.

8 Sadium AEme parpromans M B5 4400 ol wiae 5t Somariec PV,
4 Sragbure wiltereriial atrioss flarit Sorw/Sae PV,

# Nateused In Stra/mirum 907 i vplms 5 400 Gy wvasanmning ne e
rpased by hekder),

&l;m: highae A3 e B avrp/uns vary cosmidessbly with geiy of fRar. ;
ana Alr Poliution Menssing biochws rguere of 2P veFY. 1

COMPARISON OF QM-A QUARTZ,
EPFM1000 AND GF/A

r 228938t S

" ® = =™ ® =B B N o
S VELOWTY fannaan}

|
(2) CHEMICAL PURITY Concentrations giveninjug/sheet (8" x 10 and in p.p.m.

N
sULENREC] f

KEY: NDw NOTDETEAMINED
NOTES Collvions Dyts obisinag from snalvels o 2aR. Gluss Duts obisined flom satreation under seld sengitions,

A4 Whatman | PAPER DIVISION

Whatman Laboratory Preducts lac 9 Bridewell Piace. Cllftan, New|Jeraey 07014 USA Tel: 201) T73-5000 Sales Tel: (281 7774025 Telex: 133028

Wil

APR-24-37 THU 14:31 12017738550 P. 03
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MOBILE LEARNING CENTER
12ft.wx 12 ft. h x 60 ft. ig.

Used for Nutrition Teaching Facility
— 20 Student Capacity = . . .

Self-Contained Unit - LPG
Powered Electric Generator

and Environmental Control Unit,
Own Fresh and Waste Water
Holding Tanks — Steam Generator
and Many More Features,

CLASSROOM SECTION

MOBILE MISSLE TRACKING STATION
10 ft. wx 12 ft. hx 30 ft. Ig.
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. for Naval Research Lab.

- Separate All Aluminum

" Undercarriage to Resist
Severe Environmental Conditions.
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LET US HELP ENGINEER AND DESIGN YOUR NEXT
UNUSUAL, MOBILE OR STATIONARY ENCLOSURE!




X M'iCrologger

A Portable, Rugged, Powerful Data Acquisition System
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System Description

The CR23X Micrologger is a compact, rugged, powerful datalogger. Housed in a portable, self-contained package, the
Micrologger consists of measurement and control electronics, communication ports, keyboard, display, power supply,
and carrying handle. Minimum power requirements allow extended field use from a dc voltage source.

Removable Power

F:._‘: e b e BTy N INI R T Terminal simplifies connection
g ey rmmrrr I rrz:f-::mwiz{'iﬁ ¥ to external power supply.
Input/Output Connections = e R A Ak AR AR RS R RS AT A 1T O
measure, communicate with, —— — -—
and power sensors and o e e e oaw T 3 16-Characte allows
i e tie Mooy i%e asaleilessniensuse r Keyboard
peripherals. = ,_ ,_” ,- 2ol ,_"_ e oo on-site editing of CR23X
A SRS —— programs and manual entry of
YYITYIYSXYSTIXITIINTNC .
- commands or data.
24.Character-by-2-Line @ Cha
Alphanumeric Display facili- prpen rger Input connects to a
tates viewing labeled reak-time |, | SR Loc charging source (rechargeable
and historical data, program attery base option only).
. ) c
instructions, and help menus. R23X MCROLOGGER Power Switch allows you to .
po— tum the power on or off l
— .
CS I/O Port connects to data D — [ {,mm h ﬁ:ln;immdlarg) eable
transfer and storage peripher- €€ . P ¥
als such as phone, RF, short +
modems, and sto:
:‘:ou;ulu. e storage L Computer RS-232 provides a 9-pin optically
isolated DCE port.
Design Features Input/Output Connections

The CR23X measures most sensor.types directly, communi-
cates via modems, reduces data, controk external devices, and
stores both data and programs in either non-volatile Flash
memory or battery-backed SRAM. Thestandard 2 Mbyte
memory stores 1,000,000 data points in tweo final storage areas,
With the 4 Mbyte option, the CR23X can store over 2 million
data points.

Two operating system options are available. The array-based
operating system stores arrays of data at specified intervals or
when some other set condition has beenmet. The table-based
operating systemn allows you to group and store like data in
separate tables. '

The CR23X contains a comprehensive set of measurement,
processing, and output instructions for programming the data-
logger. Measurement instructions specific to bridge configura-
tions, voltage outputs, vibrating wire sensors, SDI-12 sensors,
thermocouples, Synchronous Devices for Measurement
{SDMs), and multiplexers are standard. Processing instruc-
tions support algebraic, statistical, and transcendental func-

_ tions for on-site processing. Output instructions control exter-
nal devices and process data over time. These instructions
include averages, maximums, minimums, standard devia-
tions, histograms, and FFTs.

The maximum rate the CR23X can execute its program is 100
times per second. The maximum rate asingle input can be
measured is 1,500 samples per second. A battery-backed clock
assures accurate timekeeping.

Cover photos (CR23X applications): From top, Eddy covariance
systems, Automotive performance lesting, Weather station installe-
tion, Geotechnical monitoring.

Andlog Inputs
Twenty-four single-ended (12 differential) channels
measure voltage levels with 15-bit resolution on five
software selectable voltage ranges. -

Pulse Counting Channels ) :
The CR23X has four 8-bit (two 16-bit) pulse channels
for measuring switch closures, low-level ac pulses, and
high frequency pulses.

Digital input/Ouiput Porls
The CR23X has eight digital input/output control ports.
All of the ports can be used for output control and to sense
the status of external devices. Three of these ports can read
SDM peripherals and four of them can be configured as
pulse counters or interrupt inputs.

Conlinuous Analog Culputs
Two continuous analog outputs with 15-bit resolution
provide voltage levels to strip chart recorders or propor-
tional controllers.

Switched Excitaiion Ouiputs
Four outputs provide precision excitation voltages for resis-
tive bridge measurements. The excitation is programemable
over a 5000 mV range.

Power Connections
The continuous 5 V and 12 V terminals are for connecting

sensors and non-CSl peripherals. The switched 12 V termi-
nal is program controlled.
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Battery Base Options

The alkaline base option includes 10 D-cell batteries with a

10 Ahr rating at 20°C. The rechargeable base option provides
an internal 7 Ahr sealed rechargeable battery that can be
trickle-charged via vehicle power, solar panels, or ac power.
For charging the battery via ac power, a 110 Vac wall charger
is offered for US customers or other countries with 110 Vac
outlets. A 100 to 240 Vac wall charger is also available. When
using vehicle power, our DCDC18R Boost Regulator is used
to increase the vehicle’s supply voltage to charging levels
required by the CR23X. The low-profile {no battery) option
requires a user-supplied dc source. It is preferred when the
system’s power consumption, (e.g. satellite transmitters)
needs a user-supplied deep-cycle battery or when it’s advan-
tageous to have a thinner datalogger.

1

Transient Protection
Rugged gas tubes protect the analog inputs from electrical

transients. The CR23X is (€ Compliant under the European
Union’s EMC Directive.

Operation in Harsh Environments

Standard operating range is -25° to +50°C; an extended Tange
of -40° to +80°C is available. A CR23X housed in a weather-
resistant enclosure with desiccant is protected from humidity
and most contaminants.

Peripherals and Soffware |

CR23X-based systems typically include a data retrieval option and may include measurement and control peripherails.
Our software supports datalogger programming, communications between the CR23X and PC, and data display.

Data Storage and Refrieval Options

Storage Modules reliably store data and datalogger programs.

The data and programs can be downloaded later to a PC.

Direct Links use the CR23X's RS-232 port to connect the data-
logger to a computer. The CR23X can be connected to the
computer over distances up to 50 feet. _

Short Haul Modems provide local communications between
the CR23X and a PC with an RS-232 serial port.

Multidrop Interfaces link a central computer and up to 200
dataloggers on a single coaxial cable.

PDA Handhelds can communicate with the CR23X via a seri-
al cable and PConnect Software.

Ethernet Communication Peripherals allow the CR23X to
commumnicate over a local network or the Intermet.

A GOES

sateilite system
provides daia
retrieved from a
weather station on
Nevado Sajama,
Bolivia, to climate
researchers in the |
Linited States.

Radio Frequency (RF) Communications are supported via
UHE, VHE, or spread spectrum radios.

Telephone Netwarks use landlines or cellular transceivers for
communications between the datalogger and PC. Our voice-
synthesized modem transmits the CR23X’s data by voice.

Sateilite Transmitters transmit data via the GOES, Argos, or
INMARSAT-C satellite systems.

Channel Expandability

5DMs and multiplexers expand the already formidable mea-
surement and control capabilities of the CR23X. SDMs are
addressable peripherals that expand digital control ports, ana-
log output ports, and measurement capabilities. Multiplexers
allow sharing of switched excitation channels and analog
inputs, thereby increasing the number of sensors that can be
measured. Several SDMs or multiplexers can be connected to
one datalogger.

Sofiware Packages

PC200W Starter Software allows you to transfer the datalog-
ger's program and collect data via a direct communications
link. PC200W is available at no charge from

http:/ /www.campbellsci.com/resource. htm}

LoggerNet and PC208W are our full-feature software

packages. They support:

¢ Direct and telecommunications links

¢ Datalogger programming for most commercially available
sensors, SDMs, multiplexers, and relays

* Real-time data display

¢ Report generation

Real-Time Data Monitor (RTDM) allows experienced users to
create custom graphic screens. RTDM supports automatic
generation of J[PEG output for Internet display. A similar soft-
ware package, RTDMRT, was developed for custorers who
require display-only capability. RTDMRT allows you to dis-
play screens that were created using RTDM.



CR23X Specifications

Electrical specifications are valid over a -25° to +50°C range unless otherwise specified; non-condensing environment

required. To maintain electrical specifications,

PROGRAM EXECUTION RATE

Program is synchronized with reak-time up to 100 HZ
Two fast (250 ps) single-endad measurements can
write o final storage al 100 Hz. Burst measurements
to 1.5 kHz ane possible over short intervais.

ANALOG INPUTS
DESCRIPTION: 12 differentisl or 24 single-anded,
individually configurad. Channel expansion
provided through AM16/32 or AM4 18 Relsy
Multiplexars and AM25T Thermocouple
Muliplexars.
ACCURACY: +0.025% of FSR, 0° to 40°C
+0.05% of FSR, -25° 10 50°C
$0.075% of FSR, 40" 1o B0"C: (-XT only}

Nola: £5 [V offsat voltaga error is possible with
single-ended (SE) measuremants.

RANGES AND RESOLUTION:

Input Rasclution {pV)  Accuracy (mV)
Range(mV) OHL. ~SE  (-25"t050°C)
+5000 168 333 +5.00
+1000 333 668 £1.00
200 .66 133 +0.20

+50 167 333 +0.05

10 033 0.68 +0.01

INPUT SAMPLE RATES: Inciudes the measuremant
time and conversion Lo enginesring units. Differ-
antial measurements i twa integra-
tions with reversed input polariies to raduce
thermal offset and common mode erors. Fast
measurament integrates the signal for 250 ys;
siow maasurement integrates for ons power

line cycle (50 or 60 Hz).

Fast singie-endad voltsge: 21ms
Fast diflerantial voitage: 3I1ims
Slow single-ended voltage (80 Hz): 18.3 ms
Slow differential voltage (60 Hz): 359 ms
Fast differential thermocouple: 69 ms

INPUT NOISE VOLTAGE: Typical for £10 mV Input
Ranga; digital resclution dominates for higher
ranges.

Fast differentiak 0.80 pV rme
Slow differsntial (60 Hz): 0.15 pV ms
Fast single-ended; 1.20 yV ma
Slow single-anded (80 Hz): 0.30 pV rms

COMMON MODE RANGE: 5V
DC COMMON MODE REJECTION: >400 dB

NORMAL MODE REJECTION: 70 dB @ 60 Hz
when using 80 Hz2 rejaction

SUSTAINED INPUT VOLTAGE WITHOUT DAMAGE:
$16 Vdc max,

INPUT CURRENT: £2.5 nA typ., %10 nA max. @ 50°C
INPUT RESISTANCE: 20 Gohms typical
ACCURACY OF BUILT-IN REFERENCE JUNCTION
THERMISTOR (for tharmocouple measurements):
10.25°C, 0° o 40°C
$0.5°C, -25° ta §50°C
$0.7°C, -40° 1o 80°C (-XT only)
ANALOG OUTPUTS
DESCRIPTION: 4 switched, active anly during
measurement, one at a time; 2 continuous.
RANGE: Programmable between £5V
RESOLUTION: 333 v
ACCURACY: :5mV;£2.5mV (0° t0 40°C)
CURRENT SOQURCING: 50 mA for switched; 15 mA
for continuous

CURRENT SINKING: 50 mA for switched, 5 mA for
continuous (15 mA for continuous with Boost
selected in P133),

FREQUENCY SWEEP FUNCTION: The switched
outpuls provide a programmable swapl frequency,
0 1o 5V squara wave for exciting vibrating wire

RESISTANCE MEASUREMENTS

MEASUREMENT TYPES: The CR23X provides ratio-
metric measurements of 4- and 6-wine full bridges,
and 2-, 3-, and 4-wire half bridges. Precise, dual
polarity excitation using any of the 4 switchad
outputs sliminates d¢ errors, Conductivity
measuraments use a dual polarity 0.75 ms excita-
tion to minimize polarization emors.

ACCURALCY: +0.02% of FSR (20.015%, 0° to 40°C)
plus bridge resistor emror.

PERIOD AVERAGING MEASUREMENTS

DESCRIPTICON: Tha average period for 8 single
cycle is determinad by measuring the duration
of a specified number of cycies. Any of the 24
SE analog inputs can be used. Signal attenuation

and ac coupling are typically required.
INPUT FREQUENCY RANGE:
Signal psak-io-peak! Min, Max
Min. Max, Pusew.  Freq?
s00mv  10.0V 25ps  200kHz
40 mV 20V 10 s 50 kHz
Smv 20V 62 s 8 kHz
2mv 20V 100ps 5 kHz
1Signals cantered around datalogger ground
ZAssuming 50% duty cycla
RESOLUTION: 12 ns divided by the number of cycles
measurad
ACCURACGY: £0.03% of reading
PULSE COUNTERS

DESCRIPTION: Four B-bit or two 16-bRt inputs
selectable for switch ciosure, high frequency pulse,
or low-level AC. Counlers raad at 10 or 100 Hz.

MAXIMUM COUNT RATE: 2.5 kHz and 25 kHz, 8-bit
counter read at 10 Hz and 100 Hz, respectively;
400 kHz, 18-bit counter,

SWITCH CLOSURE MOCE:

Minimumn Switch Closad Time: Sms
Minimum Switch Open Time: 8 ms
Maximum Bounce Time: 1 ms open without being

HIGH FREQUENCY PULSE MODE:
Minimum Puise Wiith: 1.2 us
Maximum Input Frequency: 400 kHz
Voltage Thresholds: Count upon transition
from below 1.5V 1o above 3.5V at low frequen-
cies. Larger input transitions are required at high
frequencies because of input filter with 1.2 ps time
constant. Signals up lo 400 kHz wil be countad
cantered around +2.5 V with devistions 2 + 2.5V
for21.2ps.
Maximum Input Voitage: +20V
LOW LEVEL AC MODE:
lT;v&mpm ramoves dc offsets up to
Input Hysteresis: 15 mV
Maximum ac Input Voltage: 20V
Minimum ac Input Voltage:
(Sine wave mV RMS) Rangs (H2)
20 1.0 ta 1000
200 0.5 to 10,000
1000 0.3 10 16,000
DIGITAL {/O PORTS
DESCRIPTION: 8 ports selactable as binary inputs or
control outputs. Ports C5-C8 capable of counting
switch closures and high frequency pulses.
HIGH FREQUENCY MAX: 2.5 kHz
QUTPUT VOLTAGES (no ioad): high 5.0V 20.1V;
jow < 0.1

OUTPUT RESISTANCE: 500 ohms
INPUT STATE: high3.0t0 5.5V, low 0.5 +0.8V
INPUT RESISTANCE: 100 kohms

CAMPBELL SCIENTIFIC, INC.

Campbell Scientific recommends recalibrating dataloggers every two years.

SDI-12 INTERFACE SUPPORT

DESCRIPTION: Digital /O Ports C5-C8 support
SDI-12 asynchronous communication; up 10 ten
SDL-12 sansors can be connected to each port,
Maets SDi-12 Standard version 1.2 for datalogger
and sensors mode.

CE COMPUANCE (as of 03/02)
STANDARD(S) TO WHICH CONFORMITY 1S
DECLARED:

EN55022: 1995 and ENg1326; 1958

EM! and ESD PROTECTION
IMMUNITY: Meels or sxcesds standards:
ESD: per IEC 1000-4-2; 18 kV air, 14 kV contact
discharge
RF: per IEC 1000-4-3; 3 V/m, 80-1000 MHz
EFT: per IEC 1000-4-4; 1 kV power, S00 V VO
Surge: per IEC 1000-4-5; 1 kV power and /0
Conducied: per IEC 1000-4-8; 3 V 150 kHz-80 MHz
Emissions and immunity parformance criteria available
on request.

CPU AND INTERFACE

PROCESSORS: Hitachi 8303; Motorota 68HC708
supports communications.

PROGRAM STORAGE: Up to 16 kbytes for active
program; additional 16 kbytes for alternate
programa. Operating system stored in 512 kbytes
Flash memory.

DATA STORAGE: 1 Mbyte Flash standard.

Additional 4 Mbytes Flash available as an option.

DISPLAY: 24-charactar-by-2-line LCD

SERIAL INTERFACES: Optically isclated RS-232
9-pin interface for computer or modem. CS 8-pin
O interface for peripherals such as storage
modules or CSI modems.

BALD RATES: Selactable at 300, 1200, 2400, 4800,
9600, 19.2K, 38.4K, and 76.8K. ASCH protocol
is one siart bk, aight data bits, no parity, one
stop bit.

CLOCK ACCURACY: +1 minute per month, -25° to
+50°C; 22 minutes par month, 40" to +85°C

SYSTEM POWER REQUIREMENTS
VOLTAGE: 11 to 18 Vdc
CURRENT DRAIN: 2 mA quiescent with

display off (2.5 mA max), 7 mA quiescant with
display on, 45 mA awing processing, and 70 mA
during analog massurement.

INTERNAL BATTERIES: 10 Ahr alkaline or 7 Ahr
e oy o oy o
10 years of service, ® Y

EXTERNAL BATTERIES: Any 11 lo 18 Vdc battery
may be connectad; reverse polarity protected.

PHYSICAL SPECIFICATIONS
SIZE: 9.5"x7.0°x 3.8"{24.1 cm x 17.8 cm x 9.6 cm).
Terminal strips extand 0.4° (1.0 cm) and terminal
strip cover extands 1.3" (3.3 cm) above the panel.
WEIGHT: 3.8 ibe {1.8 kg) with low-profile b
8.3 1bs (3.8 kq)(mkggulim base e
10.7 tbe {4.8 kg) with rachargeabis hase

WARRANTY
Thres years against defects in materials and
workmanshig.
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Network Link Inferfaces
Models NL100 and NL105

The NL10¢ and NL105 Network Link Interfaces
are 10baseT ethernet communication peripherals.
The devices allow any Campbell datalogger with
an RS-232 or CS 170 port to communicate with a
computer using TCP/IP, making it possible to
communicate over a local area network or a dedi-
cated Internet connection. The NL105 is identical
to the NL100, but adds a T-Link interface for use
with our CR9000(C) Measurement and Control
System. Software support for the NL100/NL105
is provided by:

Support Software Dataloggers

LoggerNet 2.0 or higher Array-based dataloggers (CR10X, CR10, CR510, CR23X, 21X, CR?)

PC208W 3.2 or higher '

LoggerNet 1.1 or higher Table-based dataloggers {CR10T, CR10X-TD, CR510-TD, CR23X-TD, CR9000, CR5000)
PC9000 CR9000, CR5000

Communication rate is dependent on the datalogger; for example, the CR5000 can communicate at rates up to
115,200 bps.

The NL100 mounts directly to the backplate of our environmental enclosures. The NL105 mounts inside a slot in the
CR9000 chassis; it also has optional hardware for mounting to the backplate of one of our environmental enclosures.

The NL100 may be located several miles from the datalogger by using short-haul modems, RF modems, MD9 multidrop
interfaces, etc. The NL100/105 is configured by the user with an IP address via a computer’s RS-232 port and terminal
emulator software. Once the NL100/105 has a working IP address, subsequent configurations and setting changes are
possible via TCP/IP using Telnet (complete instructions are in the NL100 Instruction manual available on our website).

Ordering Information
NL100 Network Link Interface
NL105 Network Link Interface for CR9000(C)

Optional Items — NL100 and NL105
10873 DB9 female to DB9 male cable (6 ft)

13657 Standard DB9 Null modem cable—required to configure the NL100/105 from a PC’s RS-232 port (6 ft)
13658 10baseT ethernet cable (7 ft) ‘

13659 10baseT ethernet crossover cable (7 ft)

13947 Wall transformer 12 Vdc 1.0 A with pigtails connects to 12 V and G power terminal on NL100/105
to ac power source (6 ft)

Optional Items — NL105 Only

7954 T-Link RJ45 Cable (10 ft)

13878 Enclosure mounting bracket for NL105

CAMPBELL SCIENTIFIC, INC.

$15W, 1E00N. « Logan, Utsh S4021-1704 » (435) 753:2342 + FAX (435) 750-9540 » www.campbeliec.com
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Specifications

Power: ' 12:Vdc supplied via 12 V and ground
Current: ' 130 mA continuous

Temperature Range: -25° to +50°C

EMI and ESD Protection:  Meets requirements for a class A device under European Standards

Application of Council Directive(s): 89/336/EEC as amended by 89/ 336/EEC and
93/68/EEC

Standards to which conformity is declared: EN55022-1; 1995 and EN50082-1: 1992
Dimensions: 9.25” x 425" x 1”7 (23.5 x 10.8 x 2.54 cm)

Weight: 133 0z (377 g)

CAMPBELL SCIENTIFIC, INC.

BI5W. 1800N. - Logan, Utah 84321-1784 + (435) 753-2342 « FAX (435)750-9540 Copyright © 2000, 2002
Cfficas aiso locatad In:  Australm + Brazé » Cansds - England - France « South Africa - Spain Campbell Scientific, Inc.



U.S. Locations

AK, Anchorage
(907) 561-5700
AL, Birmingham
(205) 980-0054

AL, Florence
(256) 767-1210

CA, Alameda
(510) 748-6700

CA, Camarillo
(805) 388-3775

CA, Orange
(714) 973-9740

CA, Sacramento
(916) 362-7100

CO, Ft. Collins
(970) 493-8878

CO, Ft. Collins Tox Lab.

IOT7ON A4n Anan
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CT, Stamford
(203) 323-6620

CT, Willington
(860) 429-5323

FL, St. Petersburg
(727) 577-5430

FL, Tallahassee
(850) 385-5006

GA, Norcross
(770) 381-1836

IL, Chicago
(630) 836-1700

IL, Collinsville
(618) 344-1545

LA, Baton Rouge
(225) 751-3012

MA, Harvard Air Lab.
(978) 772-2345

MA, Sagamore Beach
(508) 888-3200

MA, Westford
(978) 589-3000

MA, Woceds Hole
(508) 457-7900

MD, Columbia
(410) 884-9280

ME, Portland
(207) 773-9501

MI, Detroit
(269) 385-4245

MN, Minneapolis
(952) 924-0117

NC, Charlotte
(704) 529-1755

NC, Raleigh
(919) 872-6600

NH, Belmont

{803) 524-6560
NJ, Piscataway
(732) 981-0200

NY, Albany
(518) 453-6444

NY, Rochester
(585) 381-2210

NY, Syracuse
(315) 432-0506

NY, Syracuse Air Lab.
(315) 432-0506

OH, Cincinnati
(513) 772-7800

PA, Langhorne
(215) 757-4900

PA, Pittsburgh
(412) 261-2910

RI, Providence
(401) 274-5685

SC, Columbia
{(803) 216-0003

A Trusted Global Environmental, Health and Safety Partner

ENSR

TX, Dallas
(972) 509-2250

TX, Houston
(713) 520-9900

TX, San Antonio
(210) 296-2125

VA, Chesapeake
(757) 312-0063

VA, Glen Allen
(804) 290-7920

WA, Redmond
(425) 881-7700

Wi, Milwaukee
(262) 523-2040

Headquarters
MA, Westford
{978) 589-3000

Worldwide Locations

Azerbaijan
Belgium
Bolivia
Brazil
China
England
France
Germany .
Ireland
ltaly

Japan
Malaysia
Netherlands
Philippines
Scotland
Singapore
Thailand
Turkey
Venezuela

www.ensr.aecom.com



About ENSR:

ENSR, an AECOM company. is a lsading
worldwide environmental services firm.
Founded in 19568, ENSR serves industriat
companies and government agencies with
consuiting, engineering, remediation, and
environimental health and safety solutions.
ENSRs a recipient of the BP HSSE
Diamond Award, Textron Environmenta
Reimediaiion Partner in Excelience Award.
and Environmental Business Journal
awards. Asan AECOM company, ENSRIs
part of a global design ancl managemant
company with 24.000 employees
worldwide serving the transportation.
facilities, and environmental markets.

WWw.ensr.aecom.com

Alaska
Alabama
California
Colorado
Connecticut
Florida
Georgia
lilinois
Louisiana
Maine
Maryland
IMassachusetis
Michigan
Minnesota
News Hampshire
Newy Jersey
New York
North Carolina
Chio
Pennsylvania
Rhode Island
South Carolina
Texas

Virginia
Washington
Wisconsin

ENSR Locations
Azerbaijan
Belgium
Bolivia
Brazil
Canacia
China
England
France
Germany
{reland
italy

Japan
Maiaysia
Mexico
Philippines
Scotland
Thailand
Turkey
Venezugia

Headquarters

Westford
Massachusetis
USA
800.722.2440

ENSR l AECOM



